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Abstract 
The Idolothripinae (Thysanoptera; Tubulifera; Phlaeothripidae) is the third most 
species-rich subfamily in Thysanoptera with over 700 fungal spore-feeding species 
in 81 genera, predominantly found in tropical and subtropical ecosystems worldwide 
and closely associated with newly dead plant substrates. Idolothripines possess a 
myriad of interesting morphological and biological attributes, all of which have 
received little research attention with scattered information contained in mostly 
outdated taxonomic publications. The reason may be in that this subfamily is ridden 
with wide range of taxonomic problems from species level synonyms to nebulous 
generic and suprageneric definitions. The current widely used tribal classification 
system by Mound and Palmer (1983b) (MP83 hereafter) is based on intuitive 
morphology, and has never been tested within a phylogenetic context. This thesis set 
out to investigate the perplexing multilevel taxonomic and classification problems 
within the subfamily. Ultimately, the aim was to infer the natural lineages within 
Idolothripinae, and to see if these correspond to the conventional tribal classification 
system and the evolutionary relationship hypotheses it proposed. The research 
approach was a combination of taxonomic review of exemplar genera, comparative 
morphology using wide range of Idolothripinae taxa, and contemporary phylogenetic 
inferences utilising morphological and molecular data—to gain a holistic outlook on 
the research subject.  
Two genera, Nesothrips and Carientothrips, were considered closely related 
within the subtribe Diceratothripina in early literature and were inadequately 
diagnosed from each other. Taxonomic revisions of a long series of specimens from 
Australian and neighbouring Pacific localities have revealed novel morphological 
distinctions in the characters of maxillary palps and ventral eye prolongation, 
allowing clear delineation of the genus Carientothrips. This resulted in 
nomenclatural changes involving ten new species descriptions, one species name 
recalled from synonymy, and two species synonymised. The process of taxonomic 
study had prompted the investigation of several morphological attributes across 
Idolothripinae in following research chapters, in particular the finer interpretation of 
the compound eye, mouthparts, and of wing morphs.  
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Maximum parsimony analyses (MP) were performed using 41 morphological 
characters, for 71 taxa representing 65 Idolothripinae genera. The analysis found 
large number of equally parsimonious trees and individual branches with weak 
Bremer support. None of the tribes and subtribes were monophyletic, and the 
topology in general was inexplicable by reference to morphology. Preliminary 
character mapping performed on the 50% majority consensus topology suggested 
that the major character states defining the tribal classification may be either 
plesiomorphic, or are homoplasious within Idolothripinae. Morphology of 
Idolothripinae had been critically assessed in comparative studies across the 
subfamily in search of homologous characters and their variations. This practice 
revealed that some structures perceived to be similar morphologies in conventional 
taxonomy are actually poorly defined and constituted multiple finer categories. Most 
useful taxonomic characters are in fact only functional when confined in a subset of 
several genera by arbitrary boundary, such as by locality, and had never been studied 
comparatively across higher taxonomic rank in the context of homology. The 
morphological attributes of Idolothripinae, challenges in delineating diagnostic 
characters for generic and suprageneric taxonomic levels, and new ways to interpret 
several morphologies have been detailed where relevant. The phylogeny inferred 
here was considered not robust and required further corroboration in the next chapter. 
Maximum likelihood (ML) and Bayesian inference (BI) were conducted using 
four genes (cytochrome c oxidase subunit I, Histone 3, Tubulin-α-1, and 18S 
ribosomal DNA), for 75 taxa representing 33 Idolothripinae genera and all nine 
subtribes in the MP83 classification. The inferred ML and BI molecular topologies 
were largely similar with areas of conflict between the analyses associated with 
either poor nodal support or taxonomic ambiguity regarding the placement of 
individual genera. Idolothripinae was monophyletic with respect to the paraphyletic 
Phlaeothripinae. None of the MP83 tribes and subtribes were truly monophyletic, 
however, six major lineages were recovered within Idolothripinae with reasonable 
support, corresponding to the Pygothripina, Idolothripina, Elaphrothripina, 
Macrothripina, and two major lineages in a polyphyletic Diceratothripina. Other 
subtribes were either underrepresented and polyphyletic, or not resolved. There may 
be a currently undefined lineage on the grounds of the recovery of Sporothrips 
(Diceratothripina) and Anactinothrips (Elaphrothripina) as sister-group, with the 
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support of an autapomorphy. Relationships between the inferred major lineages were 
generally incongruent with their corresponding hypotheses. While Pygothripini was 
polyphyletic, the Idolothripini may be monophyletic if revised to include 
Macrothripina. Pygothripina was the first branching sister-group to all other 
Idolothripinae species, corroborating past hypothesis. The traditional notion of a 
‘primitive group/proto-Idolothripinae’ with plesiomorphies versus ‘advanced/derived 
group’ with derived morphology was clarified where relevant. Character mapping 
analyses on the BI topology showed that major character states defining the tribal 
classification were either plesiomorphic or homoplasious in Idolothripinae. The 
character states distributions on the topology largely refuted hypotheses of character 
evolution proposed by the MP83 tribal classification scheme. It also provided 
insights on how intuitive morphology in systematics appeared to have reached a 
bottleneck in resolving ambiguously placed taxa and the delineation of suprageneric 
taxonomic units. 
In conclusion, this study provides the first phylogenetic framework based on 
molecular data for the Idolothripinae, and has critically examined the MP83 tribal 
classification and associated hypotheses of relationships and character evolution, as 
well as the utility of morphology in Idolothripinae systematics and cladistics. The 
attempt to use morphology in deep level cladistics was proven challenging. However, 
current study has laid the groundwork for future continuous research to improve the 
definition of homologies and their variation that will benefit the tubuliferans 
systematics. Future goals include addition of more taxa in molecular phylogenetics, 
the use of more effective gene markers and new primer design, and revision of the 
problematic taxonomic units currently identified. These are required before a major 
revision of the MP83 classification can take place.  
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 Introduction and Literature Chapter 1:
Review 
1.1 GENERAL INTRODUCTION 
The insect order Thysanoptera (Greek: hairy-wings; singular or plural common 
name: thrips) comprises about 6000 species of slender and minute insects with 
fringed wings. Thrips exhibit a wide range of feeding biology—from phytophagous 
on various types of dicotyledonous plant tissues, to mycophagous on fungi on dead 
plant substrates (Morse & Hoddle, 2006; Mound, Heming, & Palmer, 1980; Mound, 
2006), whilst only a small number of species are associated with mosses (Mound & 
Tree, 2015; Mound, 1989), gymnosperm (Brookes, Hereward, Terry, & Walter, 
2015; Mound & Terry, 2001; Mound, 1991b), being predator (Mound & Marullo, 
1998; Pereyra & Mound, 2010) or ectoparasite of small arthropods (Cavalleri, 
Kaminski, & Mendonca, 2010; Izzo, Pinent, & Mound, 2002). Mycophagous thrips 
feed on fungal spores, hyphae or the external digestion products of fungal decay 
(Mound & Palmer, 1983b), and they account for approximately half of all 
thysanopteran species and are primarily members of the family Phlaeothripidae 
(Mound & Marullo, 1996; Mound, 2005; ThripsWiki, 2014e). This is well-reflected 
by the common name ‘thrips’ itself actually means woodlice in Greek, attributed to 
early observation of the insects’ association with dead branches (Mound, 2005). 
Despite significant diversity and abundance in numbers, mycophagous thrips are  not 
well-known representatives of Thysanoptera compared to their pests counterparts—
advance researches largely concentrated on less than 100 phytophagous pest species 
from one subfamily in the Terebrantia, the Thripinae (Mound, 2009; Reitz, Gao, & 
Lei, 2011), with a notable focus on the Frankliniella occidentalis, the Western 
Flower Thrips (Reitz, 2009). The rests of the thysanopteran studies are limited to 
conventional taxonomy, and is seeing a decreasing trend with major international 
collection institutions no longer have thrips specialist (Mound, 2011). 
The subject of this study is the subfamily Idolothripinae (suborder Tubulifera, 
family Phlaeothripidae), the third largest subfamily in the Thysanoptera after 
Thripinae and Phlaeothripinae with over 700 species that feed on whole fungal 
spores. The current study was motivated by curiosity stemming from the complex 
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systematics problems in the Idolothripinae and the various derived structures unique 
to this taxon, with a broad research question—why is Idolothripinae taxonomy and 
classification difficult? The chapters that follow reflect my research pursuits in 
chronology to search for an answer to this initial question. The first chapter as follow 
contains the literature review on the systematics history of Idolothripinae and its 
essential attributes, as well as the general research approach. 
 
1.2 SYSTEMATICS HISTORY OF IDOLOTHRIPINAE 
1.2.1 Classification Background 
To date, systematics work of Thysanoptera still depends on intuitive morphology, 
and yet to have a phylogenetic framework being incorporated into high level, 
suprageneric classification. Existing Thysanoptera classification recognises two 
suborders Terebrantia and Tubulifera with nine extant families (Mound, 2011), 
which is a system derived from evolutionary lineages first discussed in Mound et al. 
(1980), generally accepted by contemporary thrips taxonomists (Dang, Mound, & 
Qiao, 2014; Eow, Mound, & Ng, 2011; Mirab-balou, Tong, Feng, & Chen, 2011; 
Mound & Marullo, 1996; Mound & Morris, 2007; Mound & Walker, 1986; Okajima, 
2006; Reyes, 1994). Under this system, only a single family is recognized in the 
suborder Tubulifera, the Phlaeothripidae (Mound, 2011; Stannard, 1957), and 
because of this the name Phlaeothripidae and Tubulifera are often used 
interchangeably for the tube-tailed thrips. Systematics of the over 3500 species in the 
Phlaeothripidae are notoriously challenging pertaining taxon delimitation. Within 
Phlaeothripidae, two subfamilies are recognized, the Phlaeothripinae and the 
Idolothripinae (Mound & Palmer 1983b). Early systematics efforts on the 
phlaeothripids by various authors were complicated and problematic, as discussed by 
Mound and Palmer (pg.2, 8, 1983b), where revisions were done and new species 
added without re-examining specimens of described species, parts of diagnostic key 
to genera were generated based only on descriptions, and furthermore the 
reproduction of such works by subsequent authors. No formal classification has been 
established for the Phlaeothripinae although the presence of several lineages have 
been discussed (Bhatti, 1992, 1998a; Dang et al., 2014; Mound & Marullo, 1996; 
Okajima, 2006; Stannard, 1957), while the Idolothripinae employs a widely accepted 
tribal classification proposed by Mound and Palmer (1983b).  
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The modern sense of Idolothripinae was only conceived when Stannard 
(1957) proposed a classification of the Phlaeothripidae into two subfamilies, the 
Phlaeothripinae and Megathripinae, in attempt to recognise natural lineages for the 
tubuliferans. Nearly two decades later, Megathripinae became a junior synonym of 
Idolothripinae when Mound (1974a) reviewing Australian spore-feeding species, 
noted the family-group name Idolothripinae should have precedence over 
Megathripinae (Idolothripidae by Bagnall (1908a), Megathripidae by Bagnall (1914), 
and Megathripinae by Karny (1919)). Follow on, major revisionary work for 
Idolothripinae members includes Mound's (1974b) revision on several genera he 
called the Nesothrips-complex, which comprise of Bolothrips, Carientothrips, 
Diceratothrips, Dichaetothrips, Gastrothrips, Neosmerinthothrips, Nesidiothrips, 
Nesothrips, Phacothrips, and three other genera later synonymised with members in 
the complex; and Palmer and Mound’s (1978) work on nine Oriental genera of large-
in-size mycophagous phlaeothripids, of which eight are members of Idolothripinae 
(Aesthesiothrips, Diaphorothrips, Dinothrips, Elaphrothrips, Machatothrips, 
Malesiathrips, Mecynothrips, Meiothrips). Finally, Mound and Palmer (1983b) 
(hereafter MP83) reviewed existing family-group names in the Idolothripinae, 
including Jacot-Guillarmod's (1978) classification catalogue for the Thysanoptera, 
and produced the current Idolothripinae tribal classification. MP83 proposed the 
Idolothripinae as a natural lineage comprise of spore-feeding species and provided 
the first evolutionary hypothesis for diversity within the subfamily based on intuitive 
morphology. The MP83 tribal classification (Table 1.1) contains two tribes and nine 
subtribes: tribe Pygothripini with subtribes Pygothripina, Allothripina, 
Compsothripina, Gastrothripina, Diceratothripina, and Macrothripina; and tribe 
Idolothripini with subtribes Idolothripina, Elaphrothripina, and Hystricothripina. 
MP83, however, acknowledged that a complete phylogenetic classification of the 
Idolothripinae was not yet satisfactory due to difficulties in defining clear taxon 
boundaries and the placement of aberrant species that did not conform to their 
scheme (i.e. possessed conflicting character sets for all of the available subtribal 
concepts). 
Since MP83, new genera have been added into the tribal classification: 
Anallothrips (Okajima & Urushihara, 1997), Ecacleistothrips and Minaeithrips 
(Mound, 2007); while Lasiothrips has synonymised with Bactrothrips (Mound & 
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Tree, 2011). A total of 737 fungal spore-feeding species in 83 genera are listed in 
Idolothripinae on the website ThripsWiki (2016). However, the name 
Amerindiothrips Retana-Salazar, 2009 is not recognized as valid (ThripsWiki, 2014a, 
2014b), while the Pinaceothrips Yakhontov, 1956 was not included in the tribal 
classification as the genus was unrecognizable from its original description and the 
type species was not available for study (Mound & Palmer, 1983b; ThripsWiki, 
2013b). A recent deep-level molecular phylogenetics of Thysanoptera by Buckman 
et al. (2013) suggested the monophyly of Idolothripinae and the non-monophyly of 
both tribes Idolothripini and Pygothripini, although the limited exemplars of the 
Idolothripinae included does not allow further interpretation of MP83 tribal 
classification (Figure 1.1). 
 
Table 1.1 Current tribal classification proposed by Mound and Palmer (1983b). 
 
Idolothripinae (Bagnall, 1908a) 
Pygothripini (Hood, 1915) Idolothripini (Bagnall, 1908a) 
Pygothripina Hood, 1915 
Allothripina Priesner, 1961 
Compsothripina Karny, 1921 
Gastrothripina Priesner, 1961 
Diceratothripina Karny, 1925 
Macrothripina Karny, 1921 
Elaphrothripina Mound & Palmer, 1983b 
Idolothripina Bagnall, 1908a 
Hystricothripina Karny, 1913b 
 
*A full list of recognised 81 genera in this tribal classification is given in Table 1.4 
under discussion of biogeography. 
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Figure 1.1 Position of the Idolothripinae within the Tubulifera (figure after Buckman 
et al., 2013): A) Bayesian analysis with posterior probabilities (Maximum Likelihood 
resolution for Idolothripinae identical), B) Strict consensus of eight most 
parsimonious trees, Bootstrap values above the nodes and Bremer values below. 
 
(A) 
 
 
(B) 
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1.2.2 Alternative Proposals 
A competing deep level Thysanoptera classification system by Bhatti (1988, 1990, 
1992) recognises a superorder Thysanoptera and giving ordinal rank for the 
Terebrantia and Tubulifera (Bhatti, 1988). Relevant to the phlaeothripids, Bhatti 
(1992) first proposed a nine-family classification for order Tubulifera, and 
subsequently added four families in Bhatti (1998b) and another family in Bhatti 
(1998c). Under Bhatti’s fourteen-families system (Table 1.2), however, well over 
300 tubuliferan genera remained in the Phlaeothripidae, while the other thirteen 
families contain mostly species exhibiting aberrant morphology that is usually 
associated with winglessness—nine of these families are monogeneric with only one 
genus (note Mound (2011) stating ‘ten out of fourteen’ at that time, get latest 
statistics on ThripsWiki, 2016), and many genera within these families are also 
monotypic. Relevant to Idolothripinae are only the Allidothripidae with a single 
genus and the Allothripidae with four genera, while there is no lower-level 
classification proposed within Bhatti’s Phlaeothripidae that can be tested via a 
phylogenetic framework in current study. The proposals for a family Allothripidae 
and Allidothripidae have not been accepted (see Mound and Marullo, 1996; Okajima 
and Urushihara, 1997; and ThripsWiki, 2014c), and all five genera under Bhatti’s 
Allidothripidae and Allothripidae are placed under the subtribe Allothripina in the 
MP83 tribal classification. Bhatti's (1988, 1992, 1998b, 1998c) classification 
proposal is considered to be inadequate in framework for addressing the evolutionary 
history of this insect order (Mound & Morris, 2007).  
Another alternative classification is by Retana-Salazar (2009), involving a 
subset of taxa in the MP83 tribal classification, based on a Maximum Parsimony 
analysis using 54 morphological characters, which sampled species in the genus 
Anactinothrips of Elaphrothripina and several members of the Hystricothripina, with 
no outgroups and no other members of Elaphrothripina (Figure 1.2). Retana-Salazar 
(2009) proposed a restructuring of this subset of taxa in the MP83 classification by 
raising a tribe Anactinothripini that contains two subtribes, the Anactinothripina and 
Zeugmatothripina, each with six and five genera respectively (Table 1.3). This 
proposal of a tribe Anactinothripini, however, is questionable as there are concerns 
regarding the validity of some of the exemplars sampled by Retana-Salazar (2009) 
which have yet to be formally investigated. Based on ThripsWiki (2016)—the 
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species assigned to the Anactinothripina sensu Retana-Salazar (2009) including his 
newly proposed genus Amerindiothrips (eleven species), and the monotypic 
Chimairathrips, Ophidothrips, Incanothrips, are largely considered to be members of 
the Anactinothrips (Mound & Marullo, 1996; ThripsWiki, 2014b), while 
Camachothrips is recognised as a distinct genus with two species (ThripsWiki, 
2014c); within Zeugmatothripina sensu Retana-Salazar (2009), the two new genera 
erected by Retana-Salazar are currently considered members of the genus 
Zeugmatothrips (ThripsWiki, 2014f).  
The case of Anactinothrips and Zeugmatothrips illustrated an example 
suprageneric level, complex nomenclatural problems in dire need of review. This can 
also be said of many genera in the Idolothripinae, most of which have overlapping 
major diagnostic characters and nebulous generic definitions, often show exceptions, 
and heavily depend on potentially arbitrary attributes such as colour and silhouette 
characters (Mound & Palmer, 1983b). As a result assigning species to an appropriate 
genus can be difficult. Yet higher level systematics of the Idolothripinae has not 
progressed much in the last three decades.  
 
Table 1.2 Classification of order Tubulifera into fourteen families by Bhatti through 
1992, 1998b, 1998c.  
 
Genus marked with ‘*’ is presently monotypic. Relevant to the Idolothripinae are Allidothripidae and 
Allothripidae. 
Order Tubulifera  
Adurothripidae Bhatti, 1998a Adurothrips* 
Aleurodothripidae Bhatti, 1998a Aleurodothrips* 
Allidothripidae Bhatti, 1992 Allidothrips 
Allothripidae Priesner, 1961 Allopisothrips*, Allothrips, Priesneriella, 
Pseudocryptothrips 
Andrethripidae Bhatti, 1992 Andrethrips 
Chirothripoididae Bhatti, 1998a Chirothripoides 
Habrothripidae Bhatti, 1998a Habrothrips*, Octurothrips* 
Hyidiothripidae Hood, 1938 Crinitothrips, Hyidiothrips, Preeriella, 
Smicrothrips* 
Idiothripidae Bhatti, 1998c Idiothrips 
Lonchothripidae, Bhatti, 1988 Lonchothrips* 
Murphythripidae Bhatti, 1992 Murphythrips* 
Phlaeothripidae Uzel 1985 All remaining tubuliferans 
Urothripidae Bagnall, 1909 Amphibolothrips, Baenothrips, Bebelothrips*, 
Bradythrips, Conocephalothrips*, 
Stephanothrips, Trachythrips, Urothrips 
Xaniothripidae Bhatti, 1992 Xaniothrips 
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Figure 1.2 Maximum Parsimony phylogenetic tree of the Anactinothrips genus-
group, nodal values are Decay Index (figure after Retana-Salazar, 2009). 
 
 
 
Table 1.3 Classification of the tribe Anactinothripini with two subtribes and six new 
genera by Retana-Salazar (2009), involving Anactinothrips of the Elaphrothripina 
and several genera of the Hystricothripina sensu MP83. 
 
Anactinothripini 
Anactinothripina Zeugmatothripina 
Amerindiothrips Retana-Salazar, 2009 
Anactinothrips Bagnall, 1909 
Camachothrips Retana-Salazar, 2009 
Chimairathrips Retana-Salazar, 2009 
Incanothrips Retana-Salazar, 2009 
Ophidothrips Schmutz, 1909 
Apozeugmatothrips Retana-Salazar, 2009 
Azeugmatothrips Mound & Palmer, 1983b 
Cyphothrips Hood, 1952 
Plesiozeugmatothrips Retana-Salazar, 2009 
Zeugmatothrips Priesner, 1925 
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1.3 IMPORTANT IDOLOTHRIPINAE ATTRIBUTES 
1.3.1 Geographical Distribution and Biogeographical Hypotheses 
Idolothripinae species are found worldwide, but predominantly in tropical and 
subtropical regions, although some species are recorded from as far North as Canada 
and Finland, and as far South as New Zealand (Figure 1.3). The biogeographical 
history of the Idolothripinae has never been studied empirically, but locality 
information is generally available in taxonomic and checklist publications. Table 1.4 
assigns species distribution based on seven typical ecoregions used for the 
Idolothripinae: the Nearctic (NA), Neotropics (NT), Palaearctic (PA), Afrotropics 
(AT), Indomalaya (IM), Australasia (AA), and Oceania (O) first presented by MP83 
(pg.109, Mound & Palmer, 1983b). The content has been updated here incorporating 
systematics updates including the incorrect recording of Ophthalmothrips 
conocephalus Karny, 1924 from Australia (Mound, 2012) and other details as 
discussed in the last paragraph in section 1.2.1 ‘Classification Background’. Some 
notes on assigning species localities to the seven ecoregions as data are provided in 
Table 1.5. Depending on the context of different literature, some localities in 
Indomalaya are also referred to as Oriental (as in Mound and Palmer (1983b), Palmer 
and Mound (1978)), while some localities in the Oceania are referred to as the 
Pacific, both are then sometimes discussed under Australasia. Several subtribes were 
suggested by MP83 to have a primary biogeographical distribution—
Hystricothripina is predominantly New World, the Idolothripina is predominantly 
Old World, the Macrothripina is largely Oriental, and the Pygothripina is 
predominantly Austro-Oriental—and this convinced the authors of the proposed 
classification as reflecting natural lineages.  
Artificial dispersal of some mycophagous thrips in hay via sea trading routes 
may be plausible (Mound & Walker, 1986, 1987; Mound, 1983). Specifically, human 
slave trading routes of the seventeenth and eighteenth centuries or even earlier have 
been suggested to be responsible for the widespread distribution of idolothripines 
Ethirothrips brevis, Nesothrips brevicollis, N. propinquus, N. lativentris, 
Neosmerinthothrips collaris and Neosmerinthothrips hilaris (Mound, 1974b). 
Dispersal hypotheses from a cladistic point of view are narrative and irrefutable 
(Humphries & Parenti, 1999), but should be taken into consideration when deducing 
general distribution patterns of a higher taxon. Similarly, taxa that appeared to 
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display disjunct distribution, or endemism, in particular from area not well-sampled, 
could possibly reflect inadequate sampling rather than real historical biogeographical 
patterns (Mound & Marullo, 1996), or due to taxonomic record errors as discussed 
by Mound (2012). Some rare and species-poor taxon (e.g. monotypic genera) 
collected once only could turn out to be synonyms of a larger taxon with a broader 
distribution. Equally, some speciose genera with widespread distribution may be 
heterogeneous. These hypotheses can only be tested using a phylogenetic framework. 
 
Figure 1.3 Overview of Idolothripinae distribution by seven ecoregions used in 
Idolothripinae systematics. 
 
Abbreviation: Nearctic region (NA), Neotropical region (NT), Palaearctic region (PA), 
Afrotropical region (AT), Indomalaya region (IM), Australasian region (AA), Oceania (O). 
 
 
 
  
O 
 
NA 
 
IM 
 
AA 
 
PA 
 
NT 
 
AT 
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Table 1.4 Distributions of Idolothripinae species by genera for each of the nine 
subtribes in the Mound and Palmer (1983b) tribal classification. Table adapted from 
pg.109, Mound and Palmer (1983b) incorporating latest systematics updates. 
 
Notes on assignment of species to the seven major terrestrial ecoregions traditionally employed in 
Thysanoptera systematics are given in Table 1.5. Number of species in bracket denotes number of 
species which occur in more than one ecoregions. NA: Nearctic; NT: Neotropical; PA: Palaearctic; 
AT: Afrotropical; IM: Indomalaya; AA: Australasian; and O: Oceania.  
No. subtribe Pygothripina NA NT PA AT IM AA O No. of 
sp. 
1 Cleistothrips Bagnall, 1932      1  1 
2 Cryptothrips Uzel, 1895 3 1 4  3 2  12 (1) 
3 Ecacleistothrips Mound, 2007      1  1 
4 Emprosthiothrips Moulton, 1942      6  6 
5 Heptathrips Moulton, 1942    3  5  8 
6 Ozothrips Mound & Palmer, 1983b      5  5 
7 Pelinothrips Mound, 1974      2  2 
8 Phaulothrips Hood, 1918     2 17 1 20 
9 Priesneriana Ananthakrishnan, 1956     1 3  3 (1) 
10 Pygothrips Hood, 1915 4 5 3   4 2 17 (1) 
No. subtribe Allothripina NA NT PA AT IM AA O No. of 
sp. 
11 Allidothrips zur Strassen, 1968   1 1    2 
12 Allopisothrips Sakimura & Bianchi, 
1977 
      1 1 
13 Allothrips Hood, 1908 4 5 2 2 9 4 1 24 (3) 
14 Anallothrips Okajima & Urushihara, 
1997 
    1   1 
15 Faureothrips Priesner, 1949    1    1 
16 Minaeithrips Mound, 2007      2  2 
17 Priesneriella Hood, 1927 3  4 1  1  9 
18 Pseudocryptothrips Priesner, 1919  1 1 2    3  (1) 
No. subtribe Compsothripina NA NT PA AT IM AA O No. of 
sp. 
19 Anaglyptothrips Mound & Palmer, 
1983b 
     1  1 
20 Bolothrips Priesner, 1926 4  6 8    17 (1) 
21 Compsothrips Reuter, 1901 8 8 6 3 5   27 (3) 
22 Illinothrips Stannard, 1954 1       1 
23 Loyolaia Ananthakrishnan, 1964     3   3 
No. subtribe Gastrothripina NA NT PA AT IM AA O No. of 
sp. 
24 Gastrothrips Hood, 1912 5 21 5 4 8 1 1 38 (7) 
No. subtribe Diceratothripina NA NT PA AT IM AA O No. of 
sp. 
25 Acallurothrips Bagnall, 1921 1 7 5 5 5  1 22 (2) 
26 Campulothrips Moulton, 1944       1 1 
27 Carientothrips Moulton, 1944  1 1   19 2 23 
28 Diceratothrips Bagnall, 1908 7 13      18 (2) 
29 Elgonima zur Strassen, 1972    1    1 
30 Neosmerinthothrips Schmutz, 1913  10 1 4 7  1 21 (2) 
31 Nesidiothrips Mound, 1974    1 1   2 
32 Nesothrips Kirkaldy, 1907 2 2 2 3 6 19 10 31 (13) 
33 Phacothrips Mound, 1974  1      1 
34 Pseudoeurhynchothrips Moulton, 1949    2    2 
35 Sporothrips Hood, 1938 1       1 
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No. subtribe Macrothripina NA NT PA AT IM AA O No. of 
sp. 
36 Aesthesiothrips Ananthakrishnan, 1961     1   1 
37 Celidothrips Priesner, 1951     1 3  4 
38 Diaphorothrips Karny, 1920     4  1 5 
39 Dichaetothrips Hood, 1914  1 1  3   4 (1) 
40 Diplacothrips Hood, 1937  2      2 
41 Ethirothrips Karny, 1925 2 3 1 5 19 12 5 37 (10) 
42 Herathrips Mound, 1974     1   1 
43 Ischyrothrips Schmutz, 1913     1   1 
44 Machatothrips  Bagnall, 1908    3 10 3  14 (2) 
45 Macrothrips Bagnall, 1908      1  1 
46 Peltariothrips Mound & Palmer, 1983b     1   1 
47 Polytrichothrips Priesner, 1939     1 1  2 
48 Tarassothrips Mound & Palmer, 1983b     2   2 
No. subtribe Elaphrothripina NA NT PA AT IM AA O No Of 
Sp. 
49 Anactinothrips Bagnall, 1909  15      15 
50 Dermothrips Bagnall, 1910       1 1 
51 Dinothrips Bagnall, 1908     6   6 
52 Elaphrothrips Buffa, 1909 8 69 3 52 15   144 (3) 
53 Hartwigia Faure, 1949    1    1 
54 Lamillothrips Bagnall, 1923    3    3 
55 Malesiathrips Palmer & Mound, 1978     1 2 1 4 
56 Mecynothrips Bagnall, 1908   1 1 5 8  14 (1) 
57 Ophthalmothrips Hood, 1919   2 4 6   10 (2) 
58 Tiarothrips Priesner, 1935     1   1 
No. subtribe Idolothripina NA NT PA AT IM AA O No Of 
Sp. 
59 Bacillothrips Buffa, 1908   3     3 
60 Bactrothrips Karny, 1912 1  7 33 7 7  53 (2) 
61 Ceuthothrips Hood, 1938  1      1 
62 Cylindrothrips Moulton, 1949    1    1 
63 Egchocephalothrips Bagnall, 1916      1  1 
64 Idolothrips Haliday, 1852   1   2  3 
65 Megalothrips Uzel, 1895 1  6     7 
66 Megathrips Targioni-Tozzetti, 1881 3  4  2   8 (1) 
67 Meiothrips Priesner, 1929   1  5   5 (1) 
No. subtribe Hystricothripina NA NT PA AT IM AA O No Of 
Sp. 
68 Actinothrips Bagnall, 1909  13      13 
69 Atractothrips Hood, 1938  2      2 
70 Azeugmatothrips Mound & Palmer, 
1983b 
 2      2 
71 Cyphothrips Hood, 1952  1      1 
72 Camachothrips Retana-Salazar, 2009  2      2 
73 Holurothrips Bagnall, 1914     3 1  4 
74 Hybridothrips Stannard, 1954  1      1 
75 Hystricothrips Karny, 1912    2    2 
76 Neatractothrips Mound & Palmer, 
1983b 
    1   1 
77 Paractinothrips Mound & Palmer, 
1983b 
    1   1 
78 Saurothrips Hood, 1952  1      1 
79 Zactinothrips Hood, 1936  2      2 
80 Zeuglothrips Hood, 1936  1      1 
81 Zeugmatothrips Priesner, 1925  16      18 
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Table 1.5 Seven ecoregions employed in Idolothripinae systematics with remarks on 
specific case interpretation of locality.  
 
Ecoregions Remarks on Idolothripinae locality assignments to ecoregions 
Neotropics 
(NT), and  
Nearctic 
(NA). 
As interpreted from Idolothripinae literature, the boundary between 
the tropic and arctic region of the New World or the American 
continent is drawn separating the USA from central America. The 
Neotropics includes Mexico, the Bahamas, Cuba and other Caribbean 
islands and the Southern and Central America. Florida is being 
assigned to NT or NA depending on context. 
 
Afrotropical 
(AT) 
Includes the African continent, and the remote island of Tristan da 
Cunha, St. Helena in the South Atlantic Ocean. Several countries 
with ambiguous ecoregions are the Algeria, Libya, Egypt, and Saudi 
Arabia, which may be interpreted as being AT or PA (Palaearctic, 
see below) depending on context.  
 
Indomalaya 
(IM), 
sometimes 
called 
Oriental. 
Starting west of Wallace line (e.g. includes Bali, Borneo) and 
northward. Assigning species locality near the border of the IM or 
PA (Palaearctic, see below) has been ambiguous, but I adopted a 
generalised definition here to assign IM or PA based on either side of 
the border of North-South China following the Wei River-Qin Ling 
Mountain range. Species recorded from several provinces that extend 
on both sides of this boundary (such as Henan, Hubei, Sichuan), and 
also Nepal (on the Himalayan range) is assigned to IM or PA 
depending on context. The approach adopted here is required to 
present a generalised distribution overview, but should be redefined 
in future biogeographical studies. 
 
Palaearctic 
(PA). 
Boundary between PA and the AT and IM has been discussed above. 
PA here comprises Russia and the European region. There are more 
species records of PA localities in European including Czech, 
Hungary, Romania, and Yugoslavia (now Croatia) compared to 
USSR (Russia).  
 
Australasia 
(AA),  
c.f. Oceania 
below. 
Border for this ecoregion is drawn to include part of Indonesia east of 
the Wallace line: Sumba, Obira (Pulau Obi), Kai/Kei Islands, 
Australia, the Solomon Islands, New Caledonia, and New Zealand.  
Oceania (O). The use of this ecoregion in literature may be more broadly or 
synonymously referring to localities in the Australasia and the 
Pacific ecozone, but here specifically used for islands in the tropical 
Pacific Ocean, included Guam, American Samoa, French Polynesia, 
Hawaii, and Fiji.  
 
 
  
32  
1.3.2 Sporophagy and Mouthpart Adaptation 
The fungal spore-feeding habit in the Idolothripinae is evident from their 
microhabitat use and gut contents observed from taxonomic specimens, which is one 
of their most important attributes along with the species’ morphological adaptations 
of the mouthparts for this behaviour.  
Idolothripines inhabit a wide range of dead plant material including the base of 
grass tussocks, leaf litter, hanging dead leaves and palm fronds, dead branches, tree 
bark, and newly fallen trees. Open questions remain on the kind of fungi that the 
idolothripines utilise. The species are notably associated with dead plant substrates in 
the early stages of decay rather than with over-decayed material (Mound, 1974a; 
Palmer & Mound, 1978), with no reliable reports of association with prominent fungi 
fruiting bodies such as the basidiomycete mushrooms or bracket fungi, and are 
suggested to be sensitive to their microhabitat and will readily disperse in response to 
change (Ananthakrishnan & Suresh, 1983, 1984). Some older taxonomic literature 
describes the shapes and sizes of spores observed in the specimens’ gut (Hood, 1938; 
Mound, 1991a; Stannard, 1968), although this practice seems less common in more 
recent taxonomic publications. Meanwhile, the few existing gut content studies have 
found saprophytic ascomycetes, coelomycetes, and hyphomycetes, and also include 
some species that belong to taxon that contains plant pathogens (Ananthakrishnan & 
Dhileepan, 1984; Ananthakrishnan, Padmanaban, & Dhileepan, 1983; 
Ananthakrishnan & Suresh, 1984; Shivas & Tree, 2009; Tree, Mound, & Walter, 
2010). No idolothripines have been reported as vectors of plant pathogenic fungi, 
although the possibility for incidental vectoring when the aggregations disperse in 
search of fresh habitat, has been proposed (Ananthakrishnan & Suresh, 1984). There 
is also potentially the fungal component of lichens although this has not been 
confirmed (Kiester & Strates, 1984). These observations suggest idolothripines 
associate with saprophytic fungi that occupy dead plants in the early phase of the 
fungi succession process. Their ecological impact or role in ecosystem function in 
the tropical and subtropical ecosystem, however, is not yet well-understood.  
Thysanoptera have piercing-sucking, asymmetrical mouthparts, with only the 
left mandibular stylet developed. The basic feeding mechanism involves the pressing 
of the mouth cone onto the surface of a food substrate (Figure 1.4), the left 
mandibular stylet then punctures the surface, and a pair of maxillary stylets are 
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inserted as a rod to suck out the contents through an opening at the apex (Figure 1.5) 
(Alvah, 1915; Heming, 1978, 1993; Mound, 1971). This punch and suck feeding 
mechanism is presumed to be the same for all thrips, including those that feed on 
pollen particles (Kirk, 1984). The idolothripines however, are unique in possessing 
relatively broad maxillary stylets, traditionally reported as 5–10µm measured from 
the stylets internal diameter (Mound, 1971), which is known to be broader than the 
size of fungal spores found in the insect’s gut (Tree et al., 2010), and hence they are 
able to imbibe whole fungal spores. The broad maxillary stylet width is the only 
diagnostic character of this subfamily that is not a sexual dimorphic, loss-character 
(Mound & Palmer, 1983b). In addition to wide maxillary stylets, some members of 
the subtribe Elaphrothripina have a purported spore crushing proventriculus 
observable from their thoracic segment (Heming, 1993; Tree et al., 2010).  
There are few reports detailing insect sporophagy across a supra-generic level 
taxon, although there are studies on individual species that feed on other types of 
spores including fern spores (Sawamura, Kawakita, & Kato, 2009; Srivastava, H., & 
S., 1997), or on spores from higher fungi e.g. by Collembolans (Nakamori & Suzuki 
2005) and Coleopterans (Kadowaki, Leschen, & Beggs, 2011). I have found no 
records of microfungi spore-feeding by other hemipteroid insects except for some 
species in the order Psocoptera (Broadhead & Wolda, 1985; Mills, Sinha, & 
Demianyk, 1992). Psocodeans however, have chewing mandible mouthparts instead 
of sucking mouthparts as in thrips and hemipterans.  
 
Figure 1.4 Illustration of a thrips holding and feeding on pollen grain (figure after 
Lewis, 1973). 
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Figure 1.5 SEM images of Idolothripinae maxillary stylets: A) Paired maxillary 
stylets forming a feeding tube protruding from the mouth cone with feeding aperture 
sub-apically; B) separated stylets apices showing the internal ridge and groove of 
right stylets, and the feeding channel opening to left (figures adapted from Mound, 
1971). 
 
 
 
1.3.3 Morphological Attributes and Plasticity 
Thysanoptera as a whole are known to have body length ranging 0.5-15.0mm 
(Mound & Marullo, 1996). The idolothripines are morphologically diverse and 
exhibit the full range of this enlisted body length, but many species are easily among 
the largest thysanopterans (Palmer & Mound, 1978), with the thick-bodied 
Macrothrips topping at 15mm in length excluding antennae (Mound & Palmer, 
1983b). Bagnall depicted Macrothrips in its earliest description as “giants of their 
order” (pg.355, Bagnall, 1908a), and the Macrothrips, Dinothrips and Machatothrips 
as “a group of large and curious Thysanoptera apparently peculiar to the Malay 
Archipelago” (pg.186, Bagnall, 1908b).  
A review of taxonomic literature showed that idolothripines have a tendency 
to exhibit at least one, if not all three, of the following forms of intraspecific 
morphological plasticity: i) wing polymorphism; ii) sexual dimorphism often related 
to fighting-defence structures; and iii) allometric growth patterns of either whole 
body size or specific sexually dimorphic structures. Intraspecific wing 
polymorphisms are common for many species with apterous, micropterous (with 
A B 
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visible wing buds), hemimacropterous (with reduced length of wings), and 
macropterous forms. Wing loss is commonly associated with so-called reductions in 
a range of other morphology including reduced eyes, and loss of ocelli or a reduction 
in their size (Mound & Marullo, 1996; Mound & Palmer, 1983b). Sexual 
dimorphism includes possessing elaborate structures that are believed to be used in 
sexual combat competition or defence, including spines, tubercles, drepanae, 
modified stout dagger-shaped setae, foretarsal tooth, or swollen forefemur. These 
characters are usually observed only in males, but may also occur in females, 
including Machatothrips  (Palmer & Mound, 1978). Recorded combatant actions of 
male Elaphrothrips tuberculatus include abdominal flipping, enlarged foreleg 
squeezing, and foretarsal tooth stabbing of the opponent (Crespi, 1986), and these 
structures are subjected to allometric growth (e.g. examples of Mecynothrips and 
Elaphrothrips in Figure 1.6). Extreme body size differences have been referred to as 
major (oedymerous) males and minor (gynaecoid) males (Ananthakrishnan, 1973). In 
general, male Thysanoptera are smaller than females, but in Idolothripinae the 
situation is commonly reversed, as exemplified by the huge size differences for 
Mecynothrips where minor males resemble females (Figure 1.6A) (Tree et al., 2010).  
Intraspecific morphological variation in idolothripines often causes great 
complication in systematics assignment at both the species and genus level, 
especially in work pre-Stannard (1957). Palmer and Mound (1978) gave an example 
of Mecynothrips, which previously had twelve species divided between five genera 
and two subgenera, its large and small males of certain species placed in separate 
genera, and the females were unable to be defined at species level. Another example 
is the monotypic Macrothrips with male and female described as three different 
species due to divergent in forms and sizes (Bagnall, 1908a, 1908b), which were 
later synonymised by MP83 on the basis of recognising the sexual dimorphic 
structures and extreme range of body size between the sexes and also within each 
sex. MP83 also noted that small females of Macrothrips are essentially similar to 
Diaphorothrips species (pg.51, 1983b), and thus both genera are difficult to be 
clearly delineated especially when without the presence of male individuals. Even at 
present day, body size and measurements are still complicated taxonomic aspects for 
the Idolothripinae, and measurements are rarely employed in the conventional 
systematics studies except where reported for new species descriptions. The 
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exception is when measurements are utilised in the form of ratios between length of 
body parts in some identification keys, usually between closely related species (c.f. 
diagnostic keys in Palmer & Mound 1978), but even ratios are not without their 
ambiguities (Minaei & Mound, 2010).  
Such complex systematics as illustrated above are common for many 
idolothripines (Mound & Marullo, 1996; Palmer & Mound, 1978). Palmer and 
Mound (1978) reinforced that in order to rectify systematics problems, revisionary 
work must deliberately examine the type specimen of existing species together with 
newly collected materials. However, many genera have not been revised since MP83, 
identification keys are largely outdated and taxonomy works are usually not being 
reviewed at higher taxonomic levels. Among the recognised 81 genera comprising 
735 species (Table 1.4), 28 of the genera are monotypic, while the most speciose 
genus Elaphrothrips comprises 144 or almost 20% of all described species. Some 
authors (see Mound and Marullo (1996), Mound and Palmer (1983b), Palmer and 
Mound (1978) remain conservative about the total number of valid species in the 
subfamily due to high possibility for synonymies especially in unrevised early works.  
 
1.3.4 Sociality  
Morphological plasticity in mycophagous thrips may have been driven by the 
evolutionary forces of their aggregating behaviour at ephemeral fungal food sources 
(Grimaldi & Engel, 2005; Mound & Palmer, 1983b). Social behaviour has been 
reported for members of the Idolothripinae as early as in the 1940s (Costa, 2006), in 
particular the large-sized species. However, few cases of Idolothripinae sociality 
have been investigated experimentally. Existing experimental studies have supported 
only subsociality in the Elaphrothrips tuberculatus (Crespi, 1990) and Bactrothrips 
brevitubus (Crespi, 1990; Kranz, Shibata, Tsuchida, & Okajima, 2002), which 
display parental care or of males guarding females with egg masses but show no 
evidence of cooperative brooding by conspecific individuals. A field observation has 
reported coordinated foraging behaviour possibly by pheromone trails, and 
communal egg laying sites, in the Anactinothrips (Kiester & Strates, 1984; Mound & 
Palmer, 1983a), which is another type of insect sociality usually categorised as 
communal-parasociality (Gadagkar, 1987).  
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Figure 1.6 Sexual dimorphism and allometry growth: A) Mecynothrips hardyi, left to 
right: ♀, minor ♂, major ♂ (Tree et al., 2010); B) ♂ of Elaphrothrips laevicollis 
(138-143), E. unicolor (144), E. tuberculatus (145) (figure after Hood, 1955). 
 
 
  
A 
B 
38  
1.4 PHYLOGENETIC METHODS  
Phylogenetics is the study of reconstructing evolutionary relationships among groups 
of organisms at various biological levels. The fundamental concept behind 
phylogenetics is based on Hennig’s principles (Hennig, 1965) which revolve around 
the study of homology and shared derived characters (synapomorphies) that can be 
used to define monophyletic groups. Reconstructing phylogeny has become essential 
practice in many scientific fields (Yang & Rannala, 2012), to be used as a framework 
for contemporary systematics and evolutionary studies, or as basis for advance 
applied sciences (Bateman, 2011). Phylogenetic results, however, are not necessarily 
translated into revised classifications (Franz, 2005), often due to difficulties in 
defining groups based on observable morphological features.  
Phylogenetics involves two steps—assembling a data matrix using potential 
phylogenetic markers, and the use of that data matrix in cladistic analysis under a 
chosen phylogenetic criterion, resulting in a tree (Figure 1.7). This inferred tree or 
phylogeny is considered a hypothesis of relationships (Patterson, 1988) that may be 
subjected to change upon additional data, different taxa selection, and even the 
choice of phylogenetics parameters such as the model of evolution. General literature 
review shows that contemporary phylogenetic studies most commonly employ 
Maximum Parsimony (MP) as a criterion for morphological datasets (Donovan, 
Jones, Sands, & Eggleton, 2000; Lambkin et al., 2013; Lawrence et al., 2011; Morris, 
Mound, Schwarz, & Crespi, 1999; Pereyra & Mound, 2009, 2010; Pereyra, 2011), 
and Maximum Likelihood (ML) and Bayesian Inference (BI) as criterion for 
molecular or combined datasets (Deuve, Cruaud, Genson, & Rasplus, 2012; Magro, 
Lecompte, Magné, Hemptinne, & Crouau-Roy, 2010). ML computes trees and 
determines topology and branch-length likelihoods based on the data and a model of 
how that data evolved (e.g. a nucleotide substitution model). BI allows complex and 
realistic evolutionary models to be applied via computational intensive statistical 
analysis, using the Markov chain Monte Carlo (MCMC) convergence acceleration 
technique known as Metropolis coupling (Huelsenbeck, Ronquist, Nielsen, & 
Bollback, 2001). In contrast to both ML and BI, MP is a non-parametric statistical 
method for constructing a phylogeny. Its utility in molecular phylogenetics has been 
debated because it lacks the option of making explicit assumptions to accommodate 
known aspects about molecular evolution (Yang & Rannala, 2012). As a result, MP 
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analyses maybe prone to inferring incorrect trees due to biases such as ‘long branch 
attraction’ (Bergsten, 2005). It is not uncommon that results from MP inferences 
conflicting with topologies found from model based methods (e.g. Mugleston et al. 
2013; Buckman et al. 2013). The most widely used software implementing MP, ML, 
and Bayesian analyses includes the PAUP* (Phylogenetic Analysis Using 
Parsimony) (Swofford, 2002); RAxML (Stamatakis, 2006), and MrBayes (Ronquist 
et al., 2012), respectively.  
 
Figure 1.7 Concept of a phylogenetic marker (figure after Mishler, 2005).  
 
 
 
1.4.1 Phylogenetic Markers for Thrips  
To date, deep level classification of the Thysanoptera is still depended on intuitive 
morphology, and yet to have a phylogenetic framework that is incorporated into a 
classification. This section examines the morphological and molecular data that 
could be used for Idolothripinae phylogenetic analyses.  
 
Morphological Markers 
The use of morphological data in phylogenetics has been critically challenged  by the 
idea that useful morphological characters for most groups have already been 
scrutinized and depleted, thus future  phylogenetic analysis should favour molecular 
markers (Scotland, Olmstead, & Bennett, 2003). This view, however, has been hotly 
debated (Jenner, 2004; Wiens, 2004), and despite the advent of molecular 
phylogenetics, morphological characters are still readily employed in  insect 
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phylogenetic studies (Bybee et al., 2010; Trautwein, Wiegmann, Beutel, Kjer, & 
Yeates, 2012). The emphasis of morphology in insect phylogenetics has a historical 
basis, as traditionally insect systematics has relied on the diverse and rich variation 
of morphological characters. The continuing use of morphology allows data from 
existing studies to be re-incorporated into modern cladistics (Bybee et al. 2010). 
Morphological data approach is also advantageous for the inclusion of rare taxa and 
fossil taxa in the analyses when molecular data could be difficult to obtain (Nel et al., 
2012; Penalver & Patricia, 2010; Wiens, 2004). Lawrence et al. (2011) suggested 
extensive detailed morphological studies provide a reservoir of morphological 
characters documentation that could further benefit future study of morphological 
character evolution, or be used to place accurate fossil calibration points in dated 
phylogenies.  
For Thysanoptera, few studies have scrutinized the utility of traditional 
taxonomic morphological characters in phylogenetic anlayses, except several deep 
arthopod level studies using fossils (Nel et al., 2012; Penalver & Patricia, 2010), and 
within Thysanoptera several shallow level studies involving subsets of closely 
related species in a few genera (Crespi, Carmean, Mound, Worobey, & Morris, 1998; 
Pereyra & Mound, 2009, 2010; Pereyra, 2011; Retana-Salazar, 2009). Taxonomic 
studies of Phlaeothripidae utilise the same set of morphological characters that are 
mostly external morphology (Figure 1.8-Figure 1.9). Widely used taxonomic 
characters applied to the phlaeothripids include number and shape of antennal 
segments and antennal sense cones; head shape and structures such as ratio of length-
width, presence of ommatidia on the cheeks; the compound eye development; 
cephalothoracic and tergal chaetotaxy; purported combat structures or sexual 
polymorphic ornaments such as foretarsal tooth, body tubercles, modified tergal 
setae, enlarged mesonotal spiracle; shape of pelta (tergite I); shape of wing and cilia 
orientation such as the presence of wing duplicated cilia; shape and surface condition 
of tube (tergite X), and body colouration. 
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Figure 1.8 General morphology of Tubuliferan thrips typified by a phlaeothripine,  
Haplothrips niger; (figure after Mound & Walker, 1986). 
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Figure 1.9 General morphology of Tubuliferan thrips typified by a phlaeothripine 
(figure after Okajima, 2006). 
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Molecular Markers 
In contrast to the a long history of morphology as primary data for phylogenetics, the 
use of molecular data in phylogenetics took off rapidly with recent advancement in 
sequencing techniques, and in analytical methods and computer programs that can 
deal with large and complex datasets in statistical analyses (Bybee et al., 2010). 
Aligned nucleotide sequences of single or multiple genes, or even whole genomes 
provide large datasets for molecular phylogenetic analyses. The most commonly 
sequenced gene regions for insects include mitochondrial DNA (mtDNA) and 
ribosomal rRNA (rRNA) and these are often utilised together in phylogenetic 
studies. The standard procedure of collecting molecular data is: 1) DNA extraction 
(isolation and purification of DNA from a fresh specimen); 2) amplification through 
Polymerase Chain Reaction (PCR), using specific designed primers or universal 
primers for insects as outlined in Simon et al. (2006), 3) alignment of the gene 
sequences to show comparable homologous sites. Alignment can be achieved using 
various programs including Geneious (Kearse et al., 2012), but often needed to be 
adjusted by eye (Baum & Smith, 2012). 
Past studies of deep level Thysanopteran phylogeny have utilized the following 
gene regions for deep level phylogenetic inference: mitochondrial cytochrome 
oxidase subunit 1 (COI), nuclear protein coding Histone 3 (H3) and Tubulin-α-1 
(TubA), and nuclear ribosomal RNA small subunit (18S rRNA) and large subunit 
(28S rRNA) (Buckman et al., 2013; Crespi, Carmean, Vawter, & Dohlen, 1996; 
Morris & Mound, 2003; Mound & Morris, 2007). These studies showed a trend of 
molecular markers utilisation in deep level Thysanopteran phylogenetics by 
increasing number of genes used, increasing length of sequence obtained from these 
genes, and also increasingly combining both mitochondrial and nuclear gene data 
(Table 1.6). The current study will employ the same set of molecular markers utilised 
in the latest Thysanoptera phylogenetic study by Buckman et al. (2013). 
Additionally, more shallow level molecular phylogenetics of thrips have 
utilised the nuclear protein coding genes elongation factor 1 alpha (EF-1α) and 
Wingless (Wg) plus the mitochondrial ribosomal gene region for 16S rRNA for 
acacia galling Kladothrips (McLeish, Crespi, Chapman, & Schwarz, 2007); COI and 
16S rRNA genes for three genera of gall thrips, the Kladothrips, Oncothrips, and 
Gynaikothrips (Crespi et al., 1998); COI and Wg genes for species of two closely 
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related genera, Dunatothrips and Sartrithrips (Mound & Morris, 2001), COI and 28S 
rRNA genes for Scirtothrips (Hoddle, Heraty, Rugman-Jones, Mound, & 
Stouthamer, 2008). COI appears to have wide utility at various taxonomic levels, 
from analysis of population-level genetic variation (Ito et al., 2011), resolving cryptic 
species relationships, and to support new species descriptions (Brunner, Fleming, & 
Frey, 2002; Dang & Qiao, 2012a, 2012b; Karimi, Hassani-Kakhki, & Awal, 2010; 
Mound, Wheeler, & Williams, 2010). Glover et al., (2010) found COI, COII, COIII, 
H3 and the ribosomal RNA internal transcribed spacer (ITS2) to be suitable markers 
for studying closely related species, but advocated COI because it has been more 
widely sequenced thus enabling better comparative studies with existing data.  
 
Table 1.6 Molecular markers used in Thysanoptera deep level phylogenetic studies. 
 
Gene regions (Crespi et 
al., 1996) 
(Morris & 
Mound, 2003) 
(Mound & 
Morris, 2007) 
(Buckman et 
al., 2013) 
cytochrome oxidase c 
subunit I (COI) 
415 bp - - ~650bp 
Histone 3 (H3) - - - 338 bp 
Tubulin-α-1 (TubA) - - - 338 bp 
18S ribosomal RNA 
(18S rRNA) 
640 bp ~ 600bp 
 
complete length 
~1800bp 
1700 bp 
28S ribosomal RNA 
(28S rRNA) 
- - - ~2000bp 
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1.5 CONCLUSION & AIMS 
Idolothripinae represents an interesting component in the diversification history of 
Thysanoptera, its members exhibiting unique fungal spore-feeding habit and 
associated morphological adaptation of the mouthparts, and also closely associate 
with microfungi that thrive on newly dead plant materials in a wide range of 
ecosystems. There is a long history of systematics problems in this group, 
complicated by common evidence of intraspecific morphological plasticity. The 
taxon definition for most of the genera and suprageneric taxa are amorphous, 
resulting in morphotaxonomy difficulties and limiting the diagnostic power of 
taxonomic keys. While the Idolothripinae is currently considered to be monophyletic 
supported by Buckman et al. (2013), the classification by MP83 has yet to be tested 
rigorously. Without a robust phylogenetic framework, these systematics problems 
cannot be resolved and advancement of research in biological and evolutionary 
aspects is impeded.  
This thesis aims to infer a phylogeny for the Idolothripinae using both 
morphological and molecular data, and to use this framework to examine the 
traditional classification system, to test previously proposed relationships, and the 
cladistic utility of morphological characters. Specific research aims include:  
1. To review the species in two model genera, Nesothrips and Carientothrips, that 
display classical taxonomic problems common to the Idolothripinae.  
2. To infer deep level relationship in the subfamily Idolothripinae using 
morphological and molecular markers.  
3. To examine the cladistic utility of major morphological characters as proposed in 
the MP83 classification system.  
4. To investigate if the current classification system and relationships proposed by 
MP83 correspond with the inferred natural lineages.  
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 Taxonomic Review of the Chapter 2:
Australian Genera 
Carientothrips and Nesothrips 
2.1 PREFACE 
Here, we investigated two genera Carientothrips and Nesothrips that have long 
standing taxonomic issues, by undertaking a conventional taxonomic revision by re-
examining diagnostic characters and redefining generic boundaries. The outcome of 
the taxonomic study has been published in peer-reviewed journal Zootaxa (Eow, 
Mound, Tree, & Cameron, 2014). The article is presented below as the main body of 
this chapter. The preface here provides the systematics background to these two 
genera and the main findings from the taxonomy synthesis. 
The Carientothrips and Nesothrips had ambiguous genus boundaries and were 
inadequately diagnosed in past literature. They are hypothetical closely related sister-
group in the subtribe Diceratothripina, and the members possess very similarity 
general morphology, sharing the same set of major diagnostic characters as well as 
their overlapping geographical distribution (Mound & Palmer, 1983b; Mound, 
1974b). Carientothrips was initially described as a subgenus of Bolothrips (Moulton, 
1944) but later considered a synonym of Nesothrips by Stannard (1957). Stannard 
(1968) later proposed that Nesothrips was part of a generic complex that also 
containing Bolothrips and Gastrothrips. Mound (1974a) then reviewed all Australian 
spore-feeding thrips species, and soon after, recognised a group of 100 species 
(previously part of the tribe ‘Cryptothripini’) collectively called the Nesothrips-
complex (Mound, 1974b). As a result of these two reviews (Mound, 1974a, 1974b), 
the name Carientothrips was recognised as a full genus, distinguished from the 
Nesothrips based on differences in both genera of the retracted position of the 
maxillary stylets. The Nesothrips-complex then comprised twelve genera, but was 
subsequently broken up by Mound and Palmer (1983b) into different subtribes with 
individual genera transferred into four different subtribes and three genera 
synonymised: Diceratothripina (Carientothrips, Diceratothrips, Neosmerinthothrips, 
Nesidiothrips, Nesothrips, Phacothrips), Gastrothripina (Gastrothrips), 
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Macrothripina (Dichaetothrips, Ethirothrips), and Compsothripina (Bolothrips). In 
this process, one of the synonymised genus names Rhaebothrips, became a junior 
synonym of Nesothrips in light of new morphological evidences from new species 
that eroded the previously defined genus boundary. Carientothrips was hypothesized 
to be closely related to Nesothrips, either constituting a derived species-group within 
Nesothrips or a sister-group to the genus (Mound & Palmer, 1983b). 
For the current taxonomic review, a large number of high quality specimens 
representing series from different populations and localities were borrowed from the 
Australian National Insect Collection (ANIC), and the Queensland Primary 
Industries Insect Collections (QDPC), with additional specimens sampled in the 
course of this study. These series provided a good opportunity to examine the extent 
of intraspecific variation. Specimens were first sorted into morphological-groups 
(e.g. the ‘mjobergi’-group), preliminary identification keys were developed, and then 
repeatedly checked against specimens for variation that might cause identification 
problems.  
It was found that existing taxonomic problems in these two genera were due to 
ambiguous description of the retracted position of maxillary stylets as observed 
dorsally from a mounted specimen, and the variation of this character in both genera. 
The fully retracted position of the maxillary stylets of Nesothrips was characterised 
as widely spaced and arranged in V-shaped, that are lower in the head; in contrast to 
Carientothrips of the stylets as one-third of head width apart and arranged in a 
subparallel-shape and retracted more deeply into the head up to the level of the 
postocular setae parallel (Mound, 1974b). This was an easy diagnostic to apply until 
variation in the real range of maxillary stylets was uncovered as demonstrated by the 
following examples. The short-headed Nesothrips species (e.g. N. brigalowi) possess 
wide-V shaped maxillary stylets placed low in head, characteristic of Nesothrips in 
general. However, there are some Nesothrips species with long head (e.g. N. 
lativentris, N. badius) with longer maxillary stylets that retracted more deeply in 
head and that appear narrower in V-shape. Similarly, some Carientothrips species 
possess maxillary stylets that are more widely spaced and can appear U-shape (e.g. 
the mjobergi specie-group), making it difficult to distinguish from Nesothrips spp. 
that possess long heads. Furthermore, due to morphological variation associated with 
intraspecific wing polymorphism (presence of apterae, micropterae, and 
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hemimacropterae), some of the common species diagnostic characters (e.g. ratio of 
prothorax, shape of pelta, colour, head and thoracic chaetotaxy) were not always 
reliable, further complicate the taxonomy. This is because these morphologies are 
often reduced or altered in forms in individuals with reduced wings, and thus 
deviates from the defined species boundaries.  
During the study, two morphological characters were identified that permit a 
clearer distinction to be made between Carientothrips and Nesothrips.  These include 
an unusually long maxillary palp segment I (often longer than segment II) that 
sometimes have prominent transverse striae on segment II, found only in 
Carientothrips. Furthermore, a distinction was made that the ventral eye 
prolongation in Carientothrips is restricted to only one-facet-width, while in 
Nesothrips it involves the entire ventral posterior margin of the eye, a condition also 
found in some other genera of the Idolothripinae. Both character states found in the 
Carientothrips were thought to be unique among phlaeothripids (but see Chapter 3), 
and formed the basis for the nomenclatural changes made in this study. 
Nomenclatural changes resulting from this chapter are the transferal of two species 
from Carientothrips to Nesothrips (badius Hood comb.n and capricornis Mound 
comb.n.); an identified case of a sexually dimorphic species in which each sex was 
previously described in separate genera (Nesothrips melinus Mound were 
synonymised with Carientothrips miskoi Mound); Nesothrips rhizophorae (Girault) 
was synonymised with N. minor Bagnall, Carientothrips flavitibia is recalled from 
synonymy with Carientothrips mjobergi, and the description of ten new species, six 
in Carientothrips and four in Nesothrips. 
The results of this chapter led to the idea of examining the range of wing 
polymorphisms, ventral eye prolongation, maxillary palp length and striae, and 
maxillary stylets shape among Idolothripinae, which are addressed in Chapter 3. 
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2.2 PUBLICATION 
The following content is based on the manuscript for:  
Eow, L.-X., Mound, L.A., Tree, D.J., Cameron, S.L., 2014. Australian species of 
spore-feeding Thysanoptera in the genera Carientothrips and Nesothrips 
(Thysanoptera: Idolothripinae). Zootaxa 3821, 193–221. 
http://dx.doi.org/10.11646/zootaxa.3821.2.2 
 
2.3 ABSTRACT 
The species from Australia in the genera Carientothrips and Nesothrips are reviewed 
and an illustrated key is provided. Carientothrips is distinguished based on the 
unusual form of the maxillary palps. Two species, badius Hood comb.n. and 
capricornis Mound comb.n., are transferred to Nesothrips from Carientothrips; and 
Nesothrips melinus Mound syn.n. is synonymised with Carientothrips miskoi 
Mound. In Carientothrips the following six new species are described: alienatus 
sp.n., calami sp.n., horni sp.n., palumai sp.n., snowi sp.n., tasmanica sp.n.; while 
flavitibia Moulton stat.rev. is recalled from synonymy with C. mjobergi (Karny). In 
Nesothrips four new species are described: barrowi sp.n., brigalowi sp.n., coorongi 
sp.n., rossi sp.n.; while rhizophorae (Girault) syn.n. is placed as a synonym of 
minor Bagnall. 
Keywords: spore-feeding thrips, Australia, leaf-litter, Idolothripinae, Carientothrips, 
Nesothrips. 
 
2.4 INTRODUCTION 
Species in the two genera Carientothrips and Nesothrips live mainly on dead 
branches, with a few in leaf-litter and some at the base of grasses. Currently, these 
comprise 23% of the species known from Australia in the Thysanoptera subfamily 
Idolothripinae, all of which are considered to feed on fungal spores (Mound & 
Palmer, 1983b). More than 70% of the species in the first of these genera are 
described from Australia, and more than 40% of species in the second from either 
Australia or New Zealand. In both genera, most of the remaining species are from 
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various Pacific Ocean territories, with a few described from further North into the 
Oriental Region (Okajima, 2006; ThripsWiki, 2014d). 
These two genera are considered to be closely-related within the subtribe 
Diceratothripina (Mound & Palmer, 1983b). Of the 11 genera placed in 
Diceratothripina, six comprise only one or two species. Of the larger genera, 
Diceratothrips is entirely Neotropical, whereas Acallurothrips and 
Neosmerinthothrips are both pantropical. Despite the structural diversity amongst 
these genera, each of the species usually has four sensoria on the fourth antennal 
segment, the maxillary stylets rather wide apart within the head, the metathoracic 
sternopleural sutures present, and the tube without any prominent lateral setae. 
Carientothrips and Nesothrips have remained unsatisfactorily distinguished 
from each other, based on a difference in the orientation of the maxillary stylets 
within the head (Mound & Palmer, 1983b). Most species referred to Nesothrips have 
these stylets wide apart and arranged in a V-shape (Figure 2.8). In contrast, species 
referred to Carientothrips have the stylets closer together and often parallel or 
subparallel within the head (Figure 2.1A–E). However, this is not a functionally 
reliable difference. The stylets are easily moved from their position during the 
process of slide mounting for study, and the stylets-position in several species of 
Carientothrips might equally well be interpreted as widely U-shaped when the head 
is depressed. An additional problem is that some short-bodied species in the two 
genera, such as Nesothrips propinquus and Carientothrips miskoi, are very similar in 
general appearance, possibly as a result of sharing a similar habitat. In these species 
the tergites are shorter than the sternites on the median abdominal segments, and this 
correlates with the behaviour of both species in suddenly raising the tube over the 
head when disturbed (Mound, 2004). This abdomen-tilting behaviour has the effect 
of making the adults of these species suddenly look like mites rather than thrips as 
they walk across a beating tray. A similar behaviour, and similar abdominal 
structure, has been observed in species of the genera Acallurothrips and 
Neosmerinthothrips, in which the tube is often rather swollen. The function of this 
behaviour is not known, but it is more likely to be related to the defensive release of 
chemicals from the tube than to be some form of mimicry (Mound & Morris, 1999).  
During the course of the studies reported here a significant difference was recognised 
in the form of the maxillary palps. Nesothrips species have the first segment short 
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and quadrate with the second segment longer and more slender – a condition that is 
normal amongst Phlaeothripidae (Figure 2.9A). In contrast, species of Carientothrips 
have the maxillary palp first segment considerably longer than wide, and sometimes 
longer than the second segment, and the latter often bears transverse striae (Figure 
2.3). This condition of the maxillary palps of Carientothrips species is, as far as is 
known at present, unique amongst Phlaeothripidae. The difference in the palps 
between species of these two genera correlates well with the previously recognised 
difference in the arrangement of the maxillary stylets (Mound, 1974b).  
A further distinction recognised during this study is in the form of the ventral 
prolongation of the compound eyes. Several species of Carientothrips have the eyes 
prolonged on the ventral surface, but this involves a simple row of one or two large 
ommatidia (Figure 2.1G–I). In contrast, the ventral prolongation of the eyes in some 
species of Nesothrips involves the entire ventral posterior margin of the eye, with 
this prolongation two or three ommatidia wide, as in N. propinquus (Figure 2.9B).  
The species of Carientothrips and Nesothrips have a pair of setae associated 
with the posterior ocelli, and the position and length of these setae is often used in 
species recognition. While this is sometimes a useful character, the precise position 
of this pair of setae is variable in several species of Nesothrips, and is not always 
strictly bilaterally symmetrical. Wing polymorphism is another problem in species 
definition, because a few species in both genera have been found to exist as apterae, 
micropterae, hemimacropterae and macropterae, and the shape of the pelta varies 
between these morphs. Moreover, males of some species vary greatly in body size 
and possessed allometric growth of body parts, the extremes being referred to as 
major and minor males. Major males (with bulky pronotum and larger forelegs) are 
usually flightless, but macropterous males are not always minor individuals.  
As a result of the character state differences discussed above, two species are 
here transferred to the genus Nesothrips from Carientothrips. Moreover, recent field 
collections have led to the recognition here of 10 new species, and also to the 
conclusion that Nesothrips melinus actually represents the male of Carientothrips 
miskoi. Full nomenclatural and bibliographic details of the species considered in this 
paper are available on the web in ThripsWiki (2015b). 
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2.5 METHODS AND MATERIALS 
This study is based on slide-mounted specimens in ANIC – the Australian National 
Insect Collection, Canberra, and in QDPC – the Queensland Primary Industries 
Insect Collection, Brisbane. Holotypes are deposited in ANIC, with some paratypes 
in QDPC. Slides were prepared using the method enlisted in Appendix A. Field 
collecting techniques included beating dead branches and suitable vegetation over a 
plastic tray, bark spraying with insecticide (Tree & Walter, 2012), and leaf-litter 
extraction using Berlese funnels, with particular emphasis on acquiring good series 
of specimens at any one site and establishing host and habitat associations. The 
images were taken with a Leica DM2500 microscope using DIC illumination and 
Automontage software, and prepared using Adobe Illustrator CS5.  
 
Abbreviations: head setae: po (postocular); pronotal major setae: am 
(anteromarginal), aa (anteroangular), ml (midlateral), pa (posteroangular), epim 
(epimeral). 
 
2.6 RESULTS 
2.6.1 Carientothrips Moulton 
Bolothrips (Carientothrips) Moulton, 1944: 306. Type species Bolothrips 
(Carientothrips) fijiensis Moulton, by monotypy. 
This genus is no longer considered to be closely related to Bolothrips, a genus that is 
now placed in the subtribe Compsothripina in which the species have three (rarely 
two) sensoria on the fourth antennal segment. (Mound, 1974b) provided a key to the 
18 species of Carientothrips then recognised. However, with the six new species 
described here (alienatus, calami, horni, palumai, snowi, tasmanica), a further 
species recalled from synonymy (flavitibia), and two species transferred to 
Nesothrips (badius, capricornis), the total is now 23, of which 18 are from Australia 
and with one each from Japan (japonicus), New Guinea (grayi), Fiji (fijiensis), Rapa 
(Austral Islands) (biformis), and the extreme south of South America (Tierra del 
Fuego and Falkland Islands) (denticulatus). Judging from the gut contents, all of the 
Australian species feed on whole fungal spores. Many of them breed on dead leaves, 
 53 
particularly of Eucalyptus trees, one is specific to dead rattan palm fronds (Calamus), 
but others are found breeding at the base of grasses, rather like Bolothrips species in 
the Holarctic Region.  
As indicated above in the Introduction, the maxillary palps of Carientothrips species 
are unusual amongst Phlaeothripidae, in that the basal segment is relatively long and 
sometimes longer than the second segment which often bears transverse striae. 
Intraspecific structural variation is confusing within many species of this genus. Part 
of this variation is sexual, with males commonly having enlarged forefemora, a large 
foretarsal tooth, and often an enlarged prothorax with swollen forecoxae, also 
differences in the form of some setal apices. In females of this genus, the foretarsal 
tooth is usually absent, although it is present in the females of C. calami and C. 
denticulatus. Some character states that have been used to distinguish species 
previously require careful assessment and are possibly not reliable, these include 
relative head length, the form of setal apices whether acute, blunt, or weakly capitate, 
and extent of yellow colour on parts of the body. One character state has proved 
particularly interesting—the prolongation of the compound eyes on the ventral 
surface of the head. Mound (1974a) considered that this varied within the species 
mjobergi, but that conclusion is rejected here. The ventral prolongation of the eyes in 
Carientothrips species involves the displacement posteriorly of one (more rarely two 
or even three) ommatidia along a special groove (Figure 2.1G–I). It is not 
comparable to the eye prolongation found in some other Idolothripinae genera, 
including Nesothrips propinquus, in which the entire multifaceted posterior margin 
of the eyes is prolonged (Figure 2.9B, Figure 2.10G). Because of the absence of any 
individuals with the eyes in any suitable intermediate condition, the difference 
between eyes ventrally prolonged or not prolonged is here interpreted as indicating a 
difference between species. As a result, four closely similar species are recognised 
here: alienatus, flavitibia, mjobergi, and tasmanica.  
 
2.6.2 Key to Carientothrips Species from Australia 
1. Metanotum anteromedially, with 2–10 setae in addition to the median pair of 
major setae (Figure 2.6A–C); notopleural sutures incomplete (see Figure 2.2F)  
  ............................................................................................................................ 2 
-. Metanotum with only one pair of major setae medially (Figure 2.5A, D), 
sometimes with one small pair midlaterally; notopleural sutures usually 
complete .............................................................................................................. 5  
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2. Antennal segment III with sharp-edged swelling near base (Figure 2.4I) ........... acti 
-. Pedicel of antennal segment III not or scarcely swollen (see Figure 2.4D–F) ......... 3 
 
3. Pronotal am setae as long as aa setae (Figure 2.2A) ................................ horni sp.n.  
-. Pronotal am setae no longer than pronotal discal setae (see Figure 2.2F) ................ 4  
 
4. Antennal segment III less than 2.3 times as long as wide (Figure 2.4E) ........... reedi 
-. Antennal segment III more than 2.6 times as long as wide (Figure 2.4F) ........ vesper 
 
5. Antennal segment III with sharp-edged swelling near base (Figure 2.4J) .................   
   ................................................................................................................... pictilis 
-. Pedicel of antennal segment III not swollen ............................................................. 6 
 
6. Head (Figure 2.2B), metanotum and tergites strongly reticulate, surface of 
forefemora with distinctive sculpture; tube with longitudinal ridges on basal 
third (Figure 2.4C) ............................................................................ calami sp.n. 
-. Head, metanotum, tergites and forefemora not strongly sculptured; tube without 
ridges ................................................................................................................... 7  
 
7. Compound eyes ventrally with no ommatidia displaced to posterior (Figure 2.1F) 
  ............................................................................................................................ 8  
-. Compound eyes ventrally with one or more ommatidia displaced to posterior 
(Figure 2.1G–I) ................................................................................................. 14 
 
8. Body, legs and antennae dark brown, except paler pedicel of antennal III and apex 
of tube; pronotal am setae weakly capitate and as long as aa setae ......................  
  ............................................................................................................ casuarinae 
-. At least yellow in part on head, antennae, or legs; pronotal am setae acute and/or 
shorter than aa setae ............................................................................................ 9  
 
9. Tergites IV–VI with setae S1 arising near posterior margin, as long and acute as 
S2 and extending far beyond posterior margin of tergite; wing-retaining setae 
straight and acute (Figure 2.7C) ......................................................... snowi sp.n. 
-. Tergites IV–VI with setae S1 usually near median campaniform sensilla (see 
Figure 2.7B), and much smaller than S2; wing-retaining setae curved (when 
present) .............................................................................................................. 10  
 
10. Antennal segment IV slender, 3.2 times as long as wide ........................... magnetis 
-. Antennal segment IV no more than 3.0 times as long as wide ............................... 11 
 
11. Head and antennal segment I uniformly brown, head almost as dark as abdomen ..  
  .......................................................................................................alienatus sp.n. 
-. Head and antennal segment I yellow to brownish-yellow, paler than abdomen ........  
  .......................................................................................................................... 12  
 
12. Head distinctly yellow on anterior area and between compound eyes but shaded 
brown posterolaterally [antennal segment I yellow] (Figure 2.2E) ......................  
  ........................................................................................................ palumai sp.n. 
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-. Head and pronotum brownish-yellow but abdomen darker, head not distinctly paler 
on anterior area (see Figure 2.2C) .................................................................... 13 
 
13. Tergite IX setae less than 0.8 as long as tube with apices broadly blunt; tergites 
IV–VI of apterous females with median transverse row of 10–20 equally small 
setae (males often with fewer setae); tergal wing-retaining setae of apterae 
minute, length less than 15 microns (Figure 2.7A) ............................... semirufus 
-. Tergite IX setae about as long as tube with apices pointed to finely acute; tergites 
IV–VI of apterae with median transverse row of 6–10 setae with median pair 
longer than lateral pairs, and wing-retaining setae 25–50 microns long (Figure 
2.7B)  .................................................................................................... loisthus 
 
14. Females with tube sharply yellow in distal third or half (Figure 2.4B) (but 
brownish yellow in males); head not projecting in front of eyes; usually 
apterous without ocelli ................................................................................ miskoi  
-. Tube uniformly dark brown in both sexes, sometimes shading to weakly paler in 
distal third; head with short projection in front of eyes (see. Figure 2.1 A–B, I); 
wing-morphs variable, ocelli present in aptera ................................................. 15 
 
15. Antennal segment VI sub-spherical/ovoid and sharply constricted to narrow 
pedicel (Figure 2.4H) ............................................................................. pedicillus 
-. Antennal segment VI longer, at least elongate ovoid ............................................. 16  
 
16. Compound eye ventrally with two or three ommatidia displaced to posterior 
(Figure 2.1I); antennal segment I clear yellow [Mid and hind tibiae varying 
from brown to brownish yellow, but never sharply clear yellow in contrast to 
brown femora] ............................................................................. tasmanica sp.n. 
-. Compound eye ventrally with only one ommatidium displaced to posterior; 
antennal segment I brown ................................................................................. 17 
 
17. All tibiae sharply clear yellow in contrast to brown femora. ..................... flavitibia 
-. Mid and hind tibiae largely brown, concolorous with femora ...................... mjobergi 
 
Carientothrips acti Mound, 1974a: 25 
(Figure 2.4I, Figure 2.6B) 
This species appears to be widespread in Eucalyptus leaf-litter in south-eastern 
Australia. It has been taken commonly around Canberra, but has also been seen from 
southern New South Wales, Victoria (including Mallacoota on the southern coast), 
Kangaroo Island in South Australia, and also southeast Queensland, Mt. Coot-tha, 
Brisbane. Only one macropterous individual has been seen, a female from South 
Australia near Keith. Mound (1974b) referred to the “acti-species group”, 
comprising japonicus, pictilis, reedi and vesper, but this is a poorly defined group, 
and two further species, semirufus and loisthus, are also rather similar in having a 
relatively long head and slender body. 
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Diagnosis. Apterous, rarely macropterous, body brown, or with head and 
thorax paler; head long, reticulate on ocellar region and laterally, ocelli absent, 
postocellar setae slender and acute, postocular stout and capitate, maxillary stylets 
less than 0.3 of head width apart and retracted to eyes, maxillary palp segment I 2.5–
3 times as long as wide, segment II 0.5–0.7 as long as I; eyes well-developed 
dorsally but small ventrally with only 4–5 visible ommatidia; antennal segment III 
with sharp-edged swelling near base (Figure 2.4I). Pronotal notopleural sutures 
incomplete, am setae minute. Metanotum with several small setae anteromedially 
(Figure 2.6B). Pelta wide with broadly flattened median lobe; tube shorter than head. 
Male smaller than female, with small foretarsal tooth. 
 
Carientothrips alienatus sp.n. 
(Figure 2.1D, F; Figure 2.3B; Figure 2.5F) 
Female macroptera. Head, thorax, abdomen and femora uniformly brown, tibiae 
variable from yellow to brown, tarsi yellow; fore wing weakly shaded except near 
base; major setae pale; antennal segment I brown, II brown and paler distally, III–V 
yellow with gradually more shaded apex, VI brown with pedicel yellow, VII–VIII 
brown.  
Head weakly reticulate near margins, longer than wide, weakly projecting in 
front of eyes (Figure 2.1D); postocellar setae and postocular setae well-developed, 
long, slender and acute, mid-dorsal setae minute and acute; compound eyes usually 
smaller ventrally than dorsally (Figure 2.1F); maxillary stylets about 0.5 of head 
width apart, retracted almost to postocular setae; maxillary palp segment I about 3 
times as long as wide, segment II slightly shorter than I with weak transverse lines 
(Figure 2.3B). Antennal segment VIII not narrowed to base.  
Pronotum transverse, notopleural sutures complete; 4 pairs of major setae 
developed, aa, ml and epim blunt to weakly capitate but pa acute, am minute and 
acute; basantra small and weakly sclerotised, mesopresternum transverse (Figure 
2.5F); metathoracic sternopleural sutures long and curved. Metanotum weakly 
reticulate, median setae slender and acute. Forefemora not enlarged, foretarsal tooth 
absent. Fore wing parallel sided; sub-basal setae S1 and S2 weakly capitate, S3 acute; 
3–7 duplicated cilia.  
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Pelta with long, slender lateral lobes connected narrowly to elongate median 
lobe, campaniform sensilla absent; tergites III–VII each with one pair of sigmoid 
wing-retaining setae, setae S1 minute medially on tergite, S2 long and blunt to 
weakly capitate; tergite IX setae S1 acute, S2 blunt. Tube shorter than head. Sternites 
with median transverse row of about 12 minute discal setae, median posteromarginal 
setae small and arising in front of margin.  
Measurements (holotype female in microns). Body length 2550. Head, length 
310; width 255; postocellar setae 50; po setae 75. Pronotum, length 150; width 280; 
major setae am 40, aa 45, ml 55, epim 75, pa 90. Fore wing, length 950; sub-basal 
setae 35, 65, 85. Tergite IX setae S1 135, S2 155. Tube length 185. Antennal 
segments III–VIII length 80, 85, 85, 70, 55, 35.  
Male macroptera. Similar to female except foretarsus with small tooth.  
Male hemimacroptera (Figure 2.1D). Similar to female in structure, except 
head slightly narrower, forefemora swollen, foretarsal tooth stout; pronotum larger, 
aa and ml setae finely acute, epim and pa setae bluntly pointed; fore wings about 1.5 
times as long as pterothorax width, but fore wing length continuously variable among 
males, microptera fore wings shorter than pterothorax width.   
Measurements (large, hemimacropterous male in microns). Body length 2400. 
Head, length 250; width 215; postocellar setae 75; po setae 130. Pronotum, length 
185; width 275; major setae am 35, aa 75, ml 130, epim 100, pa 100. Fore wing, 
length 280; sub-basal setae 60, 80, 90. Tergite IX setae S1 125, S2 150. Tube length 
175. Antennal segments III–VIII length 75, 75, 80, 60, 55, 35.  
Specimens studied. Holotype female macroptera. Australia, South Australia, 
40km southeast of Mt. Gambier, from dead Eucalyptus obliqua nuts, 12.iii.2011 
(LAM5465).  
Paratypes: 4 females, 7 males hemimacropterae taken with holotype; South 
Australia, Adelaide, Mt. George, 2 female, 2 males, from Eucalyptus dead nuts, 
19.xii.2005. Victoria, 25km north of Cann River, 2 females, 9 male macropterae and 
hemimacropterae, from dead Eucalyptus leaves, 2.iv.2011. Tasmania, 17 Mile Plain, 
1 male, 11.iii.2010; Flinders Island, 1 female, 27.xi.2011. Australian Capital 
Territory, Black Mt., 4 females, 3 males from dead Eucalyptus leaves, 30.iv.2011. 
New South Wales, Talaganda, 2 males 6.viii.2006, 2 females 1 male, 27.ii.2011 
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from dead Eucalyptus; Moruya 1 female from dead Eucalyptus leaves, 15.ix.2012. 
Queensland: Beerwah, 2 females from Casuarina dead pods, 29.ix.1998; Mt. Coot-
tha, 1 male from dead leaves, 29.xii.2006; D'Aguilar National Park, 1 female from 
dead branches, 3.iv.2011, 1 female from dead wood, 26.iii.2013, 1 female from dead 
leaves, 10.v.2007, 1 female from dead wood 1.viii.2012; Blackbutt, 2 female, 2 
males from dead wood, 8.iv.2012; Blackall Range, 1 male from dead leaves 
17.v.2007; Moreton Island, 1 female from dead Lophostemon confertus nuts 
26.viii.2009; Stanthorpe, 1 female,1 male from dead leaves, 29.xii.2011, 1 male from 
dead leaves, 17.v.2007; Cape Tribulation, 1 female from dead leaves, 9.x.2012. 
Specimens excluded from type series: Queensland: Brisbane Forest Park, 4 
females 1 male, 26.iii.2013; Girraween N.P., 1 female, 2 males, 29.xii.2011; Mt. 
Gammy, 16.viii.2010; Queen Mary’s Falls, 1 female, 6.iv.2007; Moreton Is., 1 
female, 28.viii.2009; Cape Tribulation, 1 male, 8.x.2012.  
Comments. The paratypes from Mt. George, South Australia, were taken 
together with C. mjobergi, and Mound (1974a) interpreted the difference in the form 
of the eyes between these two species as being intraspecific variation. However, no 
intermediate specimens have been found between the conditions – eyes with one 
isolated posterior ommatidium, and eyes rather smaller ventrally than dorsally 
without an isolated ommatidium. Moreover, apart from the obvious eye difference, 
the males of alienatus differ from those of mjobergi in having the head more slender 
with very long and acute postocellar and postocular setae, and the pronotal aa and ml 
setae are also long and acute in contrast to the usually shorter and more blunt setae of 
mjobergi. Also similar in general appearance is the rainforest species, flavitibia, but 
that has the eyes prolonged ventrally, and the hind tibiae more sharply yellow in 
contrast to the brown femora. Despite this, several specimens are listed above, 
mainly from southeastern Queensland, that judging from the form of the eyes seem 
to represent alienatus, but that have the mid and hind tibiae ranging from light 
brownish yellow to the same clear yellow colour that is found in flavitibia.  
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Carientothrips calami sp.n. 
(Figure 2.2B, Figure 2.4C, Figure 2.5A) 
Female macroptera. Body strongly sculptured, head, thorax and abdomen reticulate, 
tube with longitudinal ridges (Figure 2.4C), femora tuberculate. Body bicoloured, 
abdominal segments I–II brownish-yellow, III–VIII brown, IX brownish-yellow, 
tube brown with distal end paler; head and pterothorax brownish-yellow but darker 
laterally, legs brownish-yellow; fore wing colourless (or pale yellow); major setae 
pale yellowish; antennal segments brownish-yellow, apex of VI darker, and VII–VIII 
pale brown.  
Head longer than wide, projecting in front of eyes (Figure 2.2B); postocellar 
setae minute; postocular setae with apices blunt; compound eyes relatively small, 
posterolateral ommatidia enlarged; eyes not prolonged ventrally; ventral surface of 
head weakly reticulate, without long setae except one posterior pair; maxillary stylets 
about 0.3 of head width apart, retracted almost to postocular setae; mandible scarcely 
retracted anterior to postoccipital ridge; maxillary palp segment I about twice as long 
as wide, segment II twice as long as I with transverse lines.  Antennal segment VIII 
not narrowed to base.  
Pronotum transverse, notopleural sutures complete; only 4 pairs of major setae 
well-developed with blunt to weakly capitate apices, am no larger than discal setae; 
basantra and ferna reticulate; mesopresternum transverse; metathoracic sternopleural 
sutures long and curved. Mesonotum anterior half with small microtrichia on lines of 
reticulation; metanotum strongly reticulate, median setae minute and acute (Figure 
2.5A). Forefemora bulbous but not enlarged, foretarsal tooth small and blunt. Fore 
wing parallel sided; sub-basal setae S1–S3 capitate; 6–10 duplicated cilia. Pelta with 
long, slender lateral lobes connected narrowly to elongate median lobe (Figure 2.5A), 
campaniform sensilla present; tergites III–VII each with one pair of sigmoid wing-
retaining setae, and close to these one pair of prominent weakly capitate setae; tergite 
IX setae S1 and S2 capitate and 0.5 as long as tube, S3 acute. Tube longitudinally 
ridged, almost as long as head. Sternites with median transverse row of up to 20 
minute discal setae, posteromarginal setae small and arising in front of margin.  
Measurements (holotype female in microns). Body length 2900. Head, length 
350; width 260; po setae 55. Pronotum, length 210; width 350; major setae am 15, aa 
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25, ml 20, epim 70, pa 50. Fore wing, length 1070; sub-basal setae 25, 25, 30. 
Tergite IX setae S1 140, S2 170. Tube length 350. Antennal segments III–VIII length 
85, 100, 85, 70, 55, 30.  
Male macroptera. Similar to female in structure, except forefemora enlarged, 
foretarsal tooth stouter.  
Specimens studied. Holotype female. Australia, Queensland, Cairns, Crystal 
Creek, from dead rattan palm frond, 4.x.2012 (LAM5629).  
Paratypes all from Queensland: 3 males taken with holotype; Daintree Ferry, 4 
females from Calamus dead fronds, 4.viii.2004; Cairns, James Cook University 
campus, 1 female from dead rattan stem, 1 female from dead branches, 3.xi.2008, 5 
females and 1 male from dead rattan canes, 19.ix.2013; Julatten, 1 female from dead 
leaves, 6.viii.2004; Cape Tribulation, 6 males from dead rattan, 9.vii.1995, 1 female 
in flight trap, x.1996, 4 females from dead rattan canes, 7-8.x.2012. 
Comments. This species appears to live only on the dead leaves of the 
scrambling rattan palm, Calamus, and is known only from northern Queensland. It is 
similar in structure and sculpture to Carientothrips grayi from New Guinea, but that 
species is dark brown, with antennal segment III yellow only at the extreme base, the 
eyes are larger and slightly prolonged ventrally, the postocular setae acute, and the 
lateral wings of the pelta broadly attached to the median lobe. No other member of 
this genus is as strongly sculptured as calami.  
 
Carientothrips casuarinae Mound, 1974a: 26  
This appears to be a particularly dark and robust form of the species mentioned 
above under acti. It has been taken several times in association with dead Casuarina 
branches mainly in eastern New South Wales, but also in Tasmania. 
Diagnosis. Dark brown, pedicel of antennal segment III paler, major setae pale; 
apterous and macropterous; head scarcely 1.3 as long as wide, eyes smaller ventrally 
than dorsally, postocellar setae well-developed, postocular setae shorter than width 
of an eye; maxillary palp segment I twice as long as wide, segment II 1.5 times as 
long as I. Pronotal notopleural sutures complete, am setae as long as aa setae. Pelta 
very broadly triangular, tube shorter than head. Male with small foretarsal tooth.  
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Carientothrips flavitibia (Moulton, 1968: 117) stat.rev.  
(Figure 2.1B, H; Figure 2.3E; Figure 2.5E) 
Described originally in Bolothrips, from five females taken near Cairns in northern 
Queensland, also a male from Barrington Tops area in New South Wales, this species 
appears to live mainly in rainforest. It has been found widely in suitable rainforest 
areas of eastern Queensland near Brisbane and near Cairns, and a few specimens 
have also been studied from Lord Howe Island and Norfolk Island. It is closely 
related to mjobergi, the common species of dry sclerophyll forest, but has brightly 
bicoloured legs with the tibiae yellow, and the second maxillary palp with transverse 
sculpture lines. Moreover, the sculpture is more strongly developed, particularly on 
the head, and the pelta is rather wider. As noted above, a few individuals from 
Queensland, provisionally identified as alienatus but excluded from the type series of 
that species, have the mid and hind tibiae clear yellow and thus look very like 
flavitibia despite the eyes not being prolonged ventrally.   
Diagnosis. Macropterous or micropterous with fore wing lobe as long as thorax 
width; body uniformly brown, mid and hind tibiae and tarsi clear yellow in contrast 
to brown femora, antennal segment I–II brown, III yellow, IV–V yellow with apex 
gradually more strongly shaded, VI brown with pedicel yellow, VII–VIII brown; fore 
wings pale brown. Head longer than wide, projecting in front of eyes (Figure 2.1B); 
eyes with one ommatidium displaced to posterior on ventral surface (Figure 2.1H) 
(sometimes slightly displaced not far posteriorly); postocellar setae acute, arising 
posterior to hindocelli; postocular setae long and slightly blunt; maxillary stylets 
parallel about half of head width apart, retracted to postocular setae; maxillary palp 
segment I about 3 times as long as wide, segment II slightly shorter than I with 
transverse sculpture lines (Figure 2.3E); pronotal am small slender and acute; aa, ml, 
epim blunt to weakly capitate, pa pointed; notopleural sutures complete; pelta 
median lobe elongate, narrowly connected to lateral wings (Figure 2.5E); tergite IX 
setae bluntly pointed, about 0.8 as long as tube; tube shorter than head. Male smaller 
than female; foretarsus with stout tooth; large males with setae on head and 
pronotum longer and more pointed. 
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Carientothrips horni sp.n. 
(Figure 2.2A, Figure 2.4D, Figure 2.6A) 
Female microptera. Body, head and femora uniformly brown, tibiae and tarsi paler, 
tube paler apically; antennal segments III–VIII progressively darker (Figure 2.4D).  
Head longer than wide, weakly projecting in front of eyes, weakly reticulate 
(Figure 2.2A); posterior ocelli small; postocellar and postocular setae weakly capitate; 
compound eyes smaller ventrally than dorsally; maxillary stylets more than 0.3 of 
head width apart, retracted up to almost posterior margin of eyes (Figure 2.2A); 
maxillary palp segment I slightly longer than wide, segment II twice as long as I, 
without transverse lines, terminal sensorium stout. Antennal segment VIII not 
narrowed to base (Figure 2.4D).  
Pronotum transverse, reticulate only near margins, notopleural sutures 
incomplete (Figure 2.2A); all 5 pairs of major setae well-developed, capitate; 
mesopresternum transverse; metathoracic sternopleural sutures long and curved. 
Metanotum with about 3–5 minor setae anteromedially, median setae wide apart, 
slender and acute (Figure 2.6A). Forefemora not enlarged, foretarsal tooth absent. 
Fore wing represented by small lobe, with 2 capitate sub-basal setae.  
Pelta extending across 90% of tergite II anterior margin, rounded median lobe 
with broad lateral lobes (Figure 2.6A), campaniform sensilla absent; tergal wing-
retaining setae small and straight; tergite IX setae S1 blunt, S2 capitate, S3 acute. 
Tube shorter than head.  Sternites with median transverse row about 10 small discal 
setae, posteromarginal setae small and arising in front of margin.  
Measurements (holotype female in microns). Body length 2500. Head, length 
300; width 230; postocellar setae 60; po setae 75. Pronotum, length 170; width 290; 
major setae am 45, aa 55, ml 60, epim 65, pa 75. Fore wing, length 50; sub-basal 
setae 30, 40. Tergite IX setae S1 130, S2 125. Tube length 155. Antennal segments 
III–VIII length 85, 95, 85, 70, 60, 25. 
Male: not known.  
Specimens studied. Holotype female. Australia, Queensland, Horn Island, 
from dead Dianella, 20.xi.2009 (LAM5334).  
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Paratypes all from Queensland: one female taken with holotype; Townsville, 
Harvey Range, 1 female from grass, 14.vii.1995.  
Comments. This species shares with three others two unusual character states: 
presence of several small setae anteromedially on the metanotum, and incomplete 
notopleural sutures. In the other members of the genus considered here, the 
notopleural sutures are fully complete although in the holotype of magnetis these 
sutures are only just complete, and in one of the available specimens of pictilis one 
of the sutures is not quite complete.   
 
Carientothrips loisthus Mound, 1974a: 29 
(Figure 2.1E, Figure 2.3D, Figure 2.6D, Figure 2.7B) 
Described originally from a single apterous female taken at Adelaide, South 
Australia, this species has subsequently been found widespread in eastern Australia 
as far north as Cape Tribulation in northern Queensland. Moreover it is common on 
Lord Howe Island, and has been taken widely in New Zealand (Mound & Walker, 
1986). The major setae of this species are long and acute, as in the related species 
snowi, and the median pair of tergal discal setae are commonly longer than the more 
lateral pairs. These two species are similar to semirufus, although the tergal 
chaetotaxy is different as indicated in the key above.  
Diagnosis. Apterous (macropterae rare), body brown to weakly bicoloured 
with head and thorax paler than brown abdomen, tube paler distally; legs variable in 
colour, tibiae usually yellowish; head longer than wide, projecting in front of eyes, 
postocellar and postocular setae long and finely pointed (Figure 2.1E); stylets about 
0.5 of head width apart and retracted to postocular setae; maxillary palp segment I 
twice as long as wide, segment II slightly shorter than I; eyes variable, small or very 
small, with few ommatidia ventrally. Pronotal am and aa setae shorter than the other 
3 pairs, notopleural sutures complete. Female without foretarsal tooth. Metanotum 
with little or no sculpture. Pelta with broad median lobe broadly joined to lateral 
areas (Figure 2.6D); tergites with less than 10 discal setae, wing-retaining setae 
usually long and straight (Figure 2.7B); tergite IX setae acute, almost as long as tube.  
Males smaller than females, foretarsal tooth present, large in large males.  
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Carientothrips magnetis Mound, 1974a: 30 
(Figure 2.4G) 
A long-headed member of the complex mentioned above under acti, this species 
remains known only from one female collected in Queensland, near Townsville. This 
is a rather pale specimen that is possible not fully mature.  
Diagnosis. Micropterous, light brown with yellowish legs; head longer than 
wide, postocellar and postocular setae long and weakly capitate; stylets about 0.5 of 
head width apart and retracted to postocular setae; maxillary palp segment I twice as 
long as wide, segment II slightly longer than I; antennae slender (Figure 2.4G). 
Pronotal am setae acute, more than 0.5 times as long as aa setae, notopleural sutures 
complete. Metanotum with 1 pair of small setae in front of median setal pair. Pelta 
broad with large median lobe; tergites III–VI with median transverse row of 15–20 
small setae, wing-retaining setae minute; tube shorter than head.  
 
Carientothrips miskoi Mound, 1974a: 31 
Nesothrips melinus Mound, 1974a: 72. syn.n. 
(Figure 2.1G, Figure 2.4B, Figure 2.6G) 
This species was described from three females taken in southern New South Wales, 
and the synonym melinus from three males taken in Queensland. More recently the 
two sexes have been collected together from several sites in eastern New South 
Wales, the ACT, and southeastern Queensland. It is remarkably similar in general 
appearance to Nesothrips propinquus, but is readily distinguished by the different 
maxillary palps. The sexes differ significantly in colour. The females are brown to 
bicoloured, with the tube distinctively sharply pale yellow on the distal third (Figure 
2.4B). In contrast, males are much paler, the body and tube with a brownish yellow 
gradient. Most specimens have been taken in leaf litter.  
Diagnosis. Apterous without ocelli, female brown or with head and thorax 
paler than dark abdomen, tube sharply pale yellow on distal third (Figure 2.4B); 
antennal segments I–II yellow, III–VI largely yellow with apices increasingly shaded 
brown, VII–VIII brown. Head slightly wider than long, not projecting in front of 
eyes; eyes with a cluster of about 3 ommatidia near ventral posterior margin but with 
only one ommatidium displaced to posterior (Figure 2.1G); postocellar setae small 
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and blunt, postocular setae longer and blunt; maxillary stylets one third of head width 
apart, retracted to eyes; maxillary palp segment I twice as long as wide, segment II 
longer than I with weak transverse lines; pronotal am small and acute; remaining 4 
pairs blunt to weakly capitate; notopleural sutures complete; metanotum weakly 
sculptured; pelta wide, median lobe large, broadly connected to lateral areas, basal 
with continuous transverse sculpture (Figure 2.6G); tergites III–VI with transverse 
row of minute discal setae; tergite IX setae blunt and 0.6 as long as tube; tube shorter 
than head. Male smaller than female, mainly brownish yellow, tergite IX setae 0.8 as 
long as tube; foretarsus with small sharp or stout tooth.  
 
Carientothrips mjobergi (Karny, 1920: 42)  
(Figure 2.1A, Figure 2.5C) 
Described from eastern Queensland, this species is widespread in dry sclerophyll 
Eucalyptus forest from Kangaroo Island in South Australia, and also Tasmania, 
northward throughout eastern Australia to Cairns in Queensland. A few specimens 
have also been seen from the southwest of Western Australia. This species was 
interpreted by Mound (1974a) as having the eyes either prolonged or not prolonged 
ventrally, but this assumption is rejected here. The eyes of mjobergi are here 
considered to have a single ommatidium displaced to the posterior on the ventral 
surface. The body and legs are uniformly dark brown, with tarsi yellowish and 
foretibiae lighter brown. In contrast, the tibiae of flavitibia and tasmanica are much 
paler. Females of mjobergi are usually macropterous, but in both sexes the fore wing 
length of flightless individuals is variable from micropterous to hemimacropterous. 
Similar variation in wing reduction is noted above in alienatus. The shape of the 
pelta varies, the median lobe being wider in major males, both micropterae and 
macropterae. 
Diagnosis. Body uniformly brown, tarsi and foretibia brownish-yellow, 
antennal segment I–II brown, III–V yellow with gradually stronger shade of brown 
apices, VI brown but sometimes the short pedicel yellow, VII–VIII brown, tube dark 
brown with paler tip; wings slightly brownish. Head slightly longer than wide, 
slightly projecting in front of eyes (Figure 2.1A); eyes with one ommatidium 
displaced to posterior on ventral surface; postocellar setae small and acute, arising 
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posterior to hindocelli; postocular setae long and slightly blunt; maxillary stylets 
parallel about half of head width apart, retracted to postocular setae; maxillary palp 
segment I twice as long as wide, segment II slightly longer than I; pronotal am small 
slender and acute; aa, ml, epim, pa blunt to weakly capitate; notopleural sutures 
complete; pelta median lobe elongate, very narrowly connected to lateral wings 
(Figure 2.5C); tergite IX setae S1 blunt 0.8 as long as tube, S2 and S3 about as long 
as tube; tube shorter than head. Male smaller than female, particularly macropterous 
male; foretarsus with stout tooth.  
 
Carientothrips palumai sp.n.  
(Figure 2.2E, Figure 2.6F) 
Female aptera. Bicoloured, thorax and abdomen brown, posterior segments darkest, 
head yellow anteromedially but shading to brown at margins and posterior (Figure 
2.2E); legs brownish yellow, tarsi yellow; antennal segment I yellow, II brown, III–V 
yellow but shaded at apex, VI brown with yellow pedicel, VII–VIII brown.   
Head longer than wide, projecting in front of eyes, weakly reticulate laterally; ocelli 
reduced; postocellar and postocular setae blunt, mid-dorsal setae minute; compound 
eyes slightly smaller ventrally than dorsally, posterolateral ommatidia enlarged; 
maxillary stylets more than 0.5 of head width apart, retracted almost to postocular 
setae; maxillary palp segment I about 3 times as long as wide, segment II about 0.8 
as long as I with transverse lines, terminal sensorium normal.  Antennae segment 
VIII slightly constricted at base.  
Pronotum transverse, weakly reticulate near posterior margin, notopleural 
sutures complete; with 4 pairs of major capitate setae, am no larger than discal setae; 
mesopresternum transverse; metathoracic sternopleural sutures curved but not 
prominent. Metanotum without reticulation medially, median setae minute, slender 
and acute. Forefemora not enlarged, foretarsal tooth absent. Fore wing lobe scarcely 
10 microns long, with no long setae.  
Pelta extending across 90% of tergite II anterior margin, rounded median lobe with 
broad lateral lobes (Figure 2.6F), campaniform sensilla absent; tergites III–VI with 
only one pair of discal setae; tergal wing-retaining setae minute and straight; tergite 
IX setae S1 acute, S2 and S3 capitate. Tube shorter than head. Sternites with median 
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transverse row about 8 minute discal setae, posteromarginal setae small and arising 
in front of margin.  
Measurements (holotype female in microns). Body length 2500. Head, length 
270; width 235; postocellar setae 55; po setae 70. Pronotum, length 165; width 300; 
major setae am 10, aa 40, ml 55, epim 75, pa 75. Tergite IX setae S1 105, S2 125. 
Tube length 200. Antennal segments III–VIII length 80, 85, 85, 70, 60, 40. 
Male. Similar to female but smaller, with stout, acute foretarsal tooth; tergite 
IX setae similar to female.  
Female macroptera. Similar to aptera, except fore wing present and darkly 
shaded, ocelli well-developed, metanotum weakly reticulate, fore wings fully 
developed with 2 or 3 duplicated cilia and sub-basal setae S1 minute, S2 and S3 
well-developed and bluntly pointed, tergites with sigmoid wing-retaining setae.  
Measurements (female macroptera in microns). Body length 2400. Fore wing 
length 1000; sub-basal setae 15, 40, 60.  
Specimens studied. Holotype female aptera. Australia, Queensland, Paluma, 
from dead leaves, 15.vii.1995 (LAM2766).  
Paratypes: 2 apterous females, 1 apterous male taken with holotype; 
Queensland: Cape Tribulation, 1 macropterous female from dead leaves, 7.vii.1995; 
1 female, 1 male macropterae, Lake Eacham, in flight trap, iii.1988; Cairns, 2 
females from dead wood, 2.x.2012, 1 female from dead leaves, 4.x.2012; Mt. Lewis, 
2 males from dead wood & leaves, 18.ix.2013; Lamington National Park, 1 female 
from dead leaves, 13.iii.2007. New South Wales, Crystal Creek, 1 female from dead 
palm fronds, 24.xii.2006. 
Comments. This species is generally similar in appearance to semirufus, but 
with a shorter head, and has only one pair of discal setae on each tergite.  
 
Carientothrips pedicillus Mound, 1974a: 32  
(Figure 2.4H) 
Known only from a single female taken near Canberra, this species appears to be 
related to mjobergi, but has stout postocellar setae and the antennal segments VI & 
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VII are remarkably short and rounded with the pedicel distinctly constricted (Figure 
2.4H).   
Diagnosis. Apterous, bicoloured with head and thorax paler than dark brown 
abdomen; head as wide as long, weakly projecting in front of eyes, eyes with one 
ommatidium displaced to posterior on ventral surface, postocellar setae blunt to very 
weakly capitate and as long as width of antennal segment III; pronotal am setae 
minute, notopleural sutures complete; metanotum without sculpture medially; pelta 
broad, lateral lobes broadly joined to median area, tube shorter than head.  
 
Carientothrips pictilis Mound, 1974a: 33 
(Figure 2.4J) 
Described originally from one apterous female taken in central New South Wales, 
the following specimens have been collected more recently: South Australia, Loxton, 
2 females, 1 male in pitfall traps, xi–xii.1998. This species is mentioned above as one 
of the species similar in appearance to acti. From most of these it differs in having 
small postocellar setae, the eyes narrowed and slightly prolonged ventrally, and the 
third antennal segment with a sub-basal ring (Figure 2.4J).  
Diagnosis. Apterous, bicoloured, head and abdomen dark brown, but thorax, 
legs, pelta and antennal segments II–IV mainly yellow; head longer than wide, 
projecting in front of eyes, stylets retracted to eyes and about one third of head width 
apart; eyes with one ommatidium displaced to posterior on ventral surface; maxillary 
palp segment I twice as long as wide, II about 1.5 times as long as I. Pronotal am 
setae small, acute, remaining 4 pairs longer and weakly capitate, notopleural sutures 
complete or almost complete. Metanotum without sculpture. Pelta broad with large 
median lobe; tergites III–VI with median transverse row of about 20 small setae, 
wing-retaining setae minute; tergite IX setae shorter than tube, tube shorter than 
head.  
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Carientothrips reedi Mound, 1974a: 34 
(Figure 2.4E) 
This species is known from eastern New South Wales and Southeastern Queensland. 
It is very similar to vesper from western Australia, but has shorter antennae (Figure 
2.4E, cf. Figure 2.4F) and the major setae are less capitate. The available specimens 
were taken from grasses and dead twigs.  
Diagnosis. Apterous or macropterous, body and legs brownish yellow with 
tube dark; head longer than wide, not projecting in front of eyes, vertex reticulate; 
eyes well-developed dorsally but small ventrally with only 4–5 visible ommatidia; 
postocellar finely acute, postocular setae weakly capitate. Pronotal am setae short 
and acute, the other 4 pairs long and capitate, aa setae arising slightly mesad of 
anterior angle; notopleural sutures incomplete. Metanotum reticulate, with 4–6 minor 
setae anteromedially. Pelta broadly triangular with rounded margins (also 
macroptera); tergites III–VI with about 10 small discal setae in transverse row, wing-
retaining setae minute in aptera, sigmoid in macroptera; tergite IX setae blunt and 
shorter than tube. Male with no foretarsal tooth.   
 
Carientothrips semirufus (Girault, 1928: 4) 
(Figure 2.2C, Figure 2.6E, Figure 2.7A)  
This species has remained inadequately distinguished from loisthus, a species that is 
equally widespread in eastern Australia. However, as indicated in the key above, the 
abdominal tergal chaetotaxy is very different. Moreover, loisthus is usually found at 
the base of grasses, whereas semirufus is associated with dead leaves and leaf-litter, 
as is the related new species snowi. Specimens of semirufus have been seen from 
Tasmania, eastern New South Wales including the ACT, and Queensland near 
Brisbane as well as from Cairns and Cape Tribulation in northern Queensland.  
Diagnosis. Apterous, usually clearly bicoloured with yellowish head (Figure 
2.2C) and thorax distinct from brown abdomen; legs yellow; head longer than wide, 
distinctly projecting in front of eyes, postocellar and postocular setae blunt to weakly 
capitate. Pronotal am setae slender and acute, the other 4 pairs stouter, longer and 
weakly capitate, notopleural sutures complete (Figure 2.2C). Metanotum with weak 
transverse reticulation. Pelta with broad median lobe broadly joined to lateral areas 
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(Figure 2.6E); tergites usually with about 20 small discal setae in transverse row, 
wing-retaining setae minute (Figure 2.7A); tergite IX setae blunt and shorter than 
tube. Male with foretarsal tooth.   
 
Carientothrips snowi sp.n.  
(Figure 2.2D, Figure 2.4A, Figure 2.5D, Figure 2.7C) 
Female aptera. Bicoloured, head yellow, thorax and abdomen brown (Figure 2.2D), 
legs variably yellowish brown, tarsi brown; antennal segment I brown but yellow 
basally, II variably light brown to brown, III–VIII brown III sometimes paler near 
base  [one paratype with legs and most antennal segments yellow]; tube paler in 
distal third (Figure 2.4A). Head longer than wide, strongly projecting in front of eyes, 
weakly reticulate laterally; ocelli absent; postocellar, postocular and mid-dorsal setae 
long and finely acute; compound eyes smaller ventrally than dorsally; maxillary 
stylets about 0.5 of head width apart, retracted almost to postocular setae; maxillary 
palp segment I about 3 times as long as wide, segment II about 0.5 as long as I with 
transverse lines, terminal sensorium small. Antennal segment VIII not constricted at 
base. Pronotum transverse, weakly reticulate near margins, notopleural sutures 
complete (Figure 2.2D); with 5 pairs of long, slender, acute major setae; 
mesopresternum transverse almost boat-shaped; metathoracic sternopleural sutures 
long and curved. Metanotum weakly reticulate, median setae well-developed, slender 
and acute (Figure 2.5D). Forefemora not enlarged, foretarsal tooth absent. Fore wing 
lobe not developed. Pelta extending across 90% of tergite II anterior margin, median 
lobe broadly flattened with edges rather angular, broadly connected with lateral lobes 
(Figure 2.5D), campaniform sensilla absent; tergal setae S1 long and finely acute 
arising posterior to transverse row of discal setae; tergal wing-retaining setae very 
long and straight (Figure 2.7C); tergite IX setae long and acute. Tube shorter than 
head. Sternites with median transverse row about 10 minute discal setae, 
posteromarginal setae small and arising in front of margin.  
Measurements (holotype female aptera in microns). Body length 2500. Head, 
length 300; width 210; postocellar setae 85; po setae 125; mid-dorsal setae 85. 
Pronotum, length 160; width 275; major setae am 55, aa 100, ml 110, epim 125, pa 
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135. Tergite IV setae S1 120, wing-retaining setae 75; tergite IX setae S1 150, S2 
165. Tube length 170. Antennal segments III–VIII length 60, 75, 70, 55, 45, 35. 
Male. Similar to female but smaller, with stout, acute foretarsal tooth, foretibia 
stout in larger males; tergite IX setae similar to female.  
Specimens studied. Holotype female aptera. Australia, Norfolk Island, Palm 
Grove Track, from dead palm fronds, 27.xii.2012 (LAM5731).  
Paratypes all from Norfolk Island on dead palm fronds: 4 females, 2 males 
taken with holotype, also 4 females, 1 male, same site and date, 1 female same site, 
22.xii.2012, 4 females, 1 male with larvae at same site, 23.xii.2013; 1 female Red 
Road, 27.xii.2012; 1 female, Mt. Bate, 24.x.2013.  
Comments. The tergal chaetotaxy of this species is unique in this genus, with the 
median pair of setae exceptionally long and situated toward the posterior margin of 
each tergite (Figure 2.7C). This thrips has been found breeding only on the dead 
fronds of Rhopalostylis baueri, the endemic Norfolk Island palm.   
 
Carientothrips tasmanica sp.n. 
(Figure 2.1C, I; Figure 2.3C, Figure 2.5B) 
Female microptera. Head, thorax, and abdomen uniformly brown, legs varying in 
colour brownish yellow to light brown with yellow markings, tarsi yellow; major 
setae pale brown; antennal segment I yellow, II brownish yellow, III–V yellow with 
apex shaded, VI brown with pedicel yellow, VII–VIII brown. Head weakly reticulate, 
about as long as wide, not projecting in front of eyes (Figure 2.1C), cheeks convex; 
postocellar setae small and acute; postocular setae long and acute, mid-dorsal setae 
minute; compound eyes prolonged ventrally with 2 or 3 ommatidia displaced to 
posterior (Figure 2.1I); maxillary stylets about 0.5 of head width apart, retracted to 
postocular setae; maxillary palp segment I about twice as long as wide, segment II 
slightly longer than I with no transverse lines (Figure 2.3C).  Antennal segment VIII 
not narrowed to base. Pronotum transverse, notopleural sutures complete; 4 pairs of 
major setae developed, am small and acute, aa, ml and epim blunt; basantra small; 
mesopresternum transverse, boat-shaped; metathoracic sternopleural sutures long and 
curved. Metanotum reticulate, median setae acute. Fore wing lobe short with two 
major setae. Forefemora not enlarged, foretarsal tooth absent. Pelta extending across 
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90% of tergite II anterior margin, median lobe broad and rather angular, broadly 
connected with lateral wings (Figure 2.5B), campaniform sensilla absent; tergites 
III–VII each with one pair of slightly curved wing-retaining setae, setae S1 minute 
medially on tergite, S2 long and acute; tergite IX setae S1 acute; tergite IX setae long 
and acute. Tube shorter than head.  Sternites with median transverse row of about 12 
minute discal setae, median posteromarginal setae small and arising in front of 
margin.  
Measurements (holotype female in microns). Body length 2370. Head, length 
275; width 260; postocellar setae 25; po setae 70. Pronotum, length 150; width 285; 
major setae am 20, aa 25, ml 25, epim 80, pa 60. Fore wing lobe 125. Tergite IX 
setae S1 135, S2 150. Tube length 185. Antennal segments III–VIII length 80, 85, 85, 
70, 55, 35.  
Male microptera. Slightly smaller than female, foretarsus with small sharp 
tooth.  
Specimens studied. Holotype female. Australia, Tasmania, 17 Mile Plain, 
from Eucalyptus obliqua dead leaves, 12.iii.2010 (Alice Wells 10/39).  
Paratypes: 4 females, 5 males taken with holotype, 1 female same locality, 
10.iii.2010; Hobart, Mt. Wellington, 8 females and 6 males from Eucalyptus dead 
branch, 27.xi.2012; Flinders Island, 1 male, 27.xi.2011; Binalong Bay, 1 male from 
dead Eucalyptus dead branch 10.xi.2012; Bicheno, 1 female from Eucalyptus dead 
leaves; Mt. Field, 1 female and 1 male from Eucalyptus dead leaves,1.xii.2012; 
Geeveston, 2 females and 1 male from Eucalyptus dead leaves 27.xi.2012. 
Non-paratypes: Tasmania, Buckland, 3 females, 27.xi.2010.  
Comments. This species is similar to mjobergi in having the posterior margin 
of the eyes prolonged ventrally. However, in contrast to that species, the 
prolongation comprises two or even three ommatidia instead of just a single one. In 
some specimens the yellow colour of the tibiae is more similar to that of flavitibia, 
but these specimens also have pale femora. In a few specimens, the hindlegs are 
almost as brown as those of mjobergi, although the first antennal segment in that 
species is dark brown whereas it is yellow in tasmanica. Three females have been 
studied from Buckland in eastern Tasmania that have the ventral prolongation of the 
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eyes with only a single ommatidium; the specific identity of these specimens remains 
in doubt. 
 
Carientothrips vesper Mound, 1974a: 35 
(Figure 2.2F, Figure 2.4F, Figure 2.6C) 
This species from Western Australia is distinguished from the eastern Australian 
species reedi only by the longer antennae (Figure 2.4F) and more clearly capitate 
major setae. It was described from a single female collected at Manjimup, but a 
further male and female have since been collected from Dwellingup. The pelta 
(Figure 2.6C) is similar to that of acti.  
Diagnosis. Apterous, weakly bicoloured with head and thorax paler than brown 
abdomen, legs brownish yellow; head longer than wide, scarcely projecting in front 
of eyes, vertex smooth medially except near posterior margin, maxillary stylets 
retracted to eyes and close together (Figure 2.2F); maxillary palp segment I 2.5 times 
as long as wide, segment II rather shorter with stout terminal sensorium; eyes well-
developed dorsally but small ventrally with only 4–5 visible ommatidia; postocellar 
finely acute, postocular setae capitate. Pronotal am setae short and acute, the other 4 
pairs long and capitate; notopleural sutures incomplete. Metanotum reticulate, with 
about 8 minor setae anteromedially. Pelta broad with truncate apex; tergites III–VI 
with about 20 small discal setae in transverse row, wing-retaining setae minute; 
tergite IX setae capitate and shorter than tube. Male with foretarsal tooth.   
 
2.6.3 Nesothrips Kirkaldy 
Nesothrips Kirkaldy, 1907: 103. Type species Nesothrips oahuensis Kirkaldy, by 
monotypy.  
Of the 27 Nesothrips species previously listed, seven were described from Australia 
(aoristus, carveri, hemidiscus, melinus, propinquus, rhizophorae, yanchepi), six from 
New Zealand, with most of the others from various Pacific islands. To these, four 
new species are here described from Australia (barrowi, brigalowi, coorongi, rossi), 
two species are placed into synonymy (melinus, rhizophorae), and two species 
transferred to this genus from Carientothrips (badius, casuarinae). As a result, 31 
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species are now placed in Nesothrips, of which 13 are known from Australia. Some 
species of this genus, including propinquus, minor, and lativentris, are widespread 
pantropically, presumably distributed along human trading-ship routes in hay, seed 
pods, coconut husks (cf. Mound 1974b; Mound & Palmer 1983b). Keys were 
provided by Mound (1974b) to the 14 species recognised in this genus at that time, 
also keys to seven species recorded from Australia Mound (1974a), and the six 
species described from New Zealand (Mound & Walker 1986). The generic 
synonyms involved were treated by Mound and Palmer (1983b). 
As in Carientothrips, the species of Nesothrips often exhibit intra-specific 
structural variation in relation to wing-morphs and sexual dimorphism. Males vary in 
size and body form, from major to minor males, particularly in the size and shape of 
the prothorax and forefemora, and presence of a foretarsal tooth. Females of 
Nesothrips species recorded from Australia do not have a foretarsal tooth, although 
this is present in females of a few species such as N. douli and N. leveri (Mound 
1974b).  
In contrast to the species of Carientothrips, all species of Nesothrips have the 
maxillary palps similar in structure to the condition found throughout the 
Phlaeothripidae, with the first segment quadrate, and the second segment at least five 
times as long as the first segment (Figure 2.9A). Nesothrips species have complete 
pronotal notopleural sutures, the metathoracic sternopleural sutures are usually 
present although variable in propinquus and absent in some species (oahuensis). 
 
2.6.4 Key to Nesothrips species from Australia 
1. Head 1.3–1.5 times as long as wide (Figure 2.8A–D); tergite IX setae S1 more 
than 0.75 as long as tube ..................................................................................... 2  
-. Head wider than long, or no more than 1.1 times as long as wide (Figure 2.8E–I); 
tergite IX setae S1 less than 0.6 as long as tube ................................................. 6 
 
2. Head with postocellar setae elongate, more than twice as long as distance between 
their bases (Figure 2.8A) [body dark brown with antennal segment III yellow, 
IV yellow on basal half] ........................................................................ lativentris 
-. Head with postocellar setae shorter than distance between their bases .................... 3 
 
3. Postocellar setae long, about 0.8 as long as distance between their bases, with 
broadly blunt apices; pronotum with 2 pairs of major epimeral setae (Figure 
2.10F) [legs, head, thorax and abdominal segment I yellow, abdomen dark 
brown]  ................................................................................................ capricornis 
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-. Postocellar setae small, no more than 0.5 as long as distance between their bases, 
with apices pointed; pronotum usually with only one pair of long setae on each 
epimeron ............................................................................................................. 4  
 
4. Pronotum with 5 pairs of major setae (Figure 2.10A); vertex weakly reticulate, 
mid-dorsal head setae well-developed (Figure 2.8D) .................... coorongi sp.n. 
-. Pronotum with only 3 pairs of major setae; vertex without reticulation even in 
ocellar region, mid-dorsal head setae small ........................................................ 5  
 
5. Antennal segment III almost 4 times as long as apical width (Figure 2.9E); 
pronotal aa setae less than 0.5 as long as postocellar setae ............ barrowi sp.n. 
-. Antennal segment III less than 3 times as long as wide (Figure 2.9D); pronotal aa 
setae about 2.0 times as long as postocellar setae ...................................... badius 
 
6. Pelta D-shaped, with no lateral lobes (Figure 2.10E) ............................... hemidiscus  
-. Pelta with lateral lobes  ............................................................................................. 7  
 
7. Metanotum with no sculpture on anterior third, with narrowly linear reticulation 
on posterior two-thirds (Figure 2.10B) ................................................. rossi sp.n. 
-. Metanotal sculpture different, often with equiangular reticulation (see. Figure 
2.10C)  ................................................................................................................ 8  
 
8. Female tergite IX setae S3 short, no longer than basal width of tube; major setae 
on head, pronotum and metanotum unusually stout and dark [eyes not 
prolonged ventrally]................................................................................. aoristus 
-. Female tergite IX setae S3 long, much longer than basal width of tube; major setae 
on head, pronotum and metanotum not stout and dark ....................................... 9 
 
9. Entire posterior margin of eyes prolonged on ventral surface (Figure 2.9B); 
usually apterous with ocelli absent (Figure 2.8E) [antennal segment I yellow] ...  
  ............................................................................................................ propinquus 
-. Ventral posterior margin of eyes not prolonged; usually winged, if micropterous 
then wing lobe relatively long and hindocelli present ...................................... 10 
 
10. Antennal segment I brown, as dark as head  ........................................................ 11  
-. Antennal segment I yellow to brownish yellow, much paler than head ................. 12  
 
11. Antennae brown but III sharply yellow near base (Figure 2.9F) .................. carveri 
-. Antennal brown but segment III mainly yellow, IV–V yellow at base ........ yanchepi 
 
12. Ocellar setae arise on or anterior to a tangent between anterior margins of 
hindocelli (Figure 2.8H) ............................................................... brigalowi sp.n. 
-. Ocellar setae arise posterior to tangent between anterior margins of hindocelli and 
close to tangent between posterior margins of hindocelli (Figure 2.8F) ..... minor 
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Nesothrips aoristus Mound, 1974a: 68 
This species remains known only from the original series of three females and two 
males that were collected in South Australia, south of Adelaide. The head bears a 
pair of prominent postocellar setae that are similar in position and size to those of 
lativentris, the major setae on the pronotum are unusually stout as are the median 
setae on the metanotum.  
Diagnosis. Micropterous with very short fore wing lobe; body, legs and 
antennae dark brown, pedicel of antennal segment III yellow; head slightly longer 
than wide, postocellar and postocular setae long and dark; pronotum with 5 pairs of 
long, stout dark setae; metanotal median setae long and stout; pelta with large 
median lobe and slender lateral wings; tergites III–VII with one pair of weakly 
sigmoid wing-retaining setae, discal area with one pair of small setae medially and 
one pair laterally; tergite IX with the ventro-lateral pair of setae, S3, unusually short 
and stout.  Male smaller than female, large male with L-shaped forefemora and large 
foretarsal tooth; tergite IX setae S3 longer than S2.   
 
Nesothrips badius (Hood, 1918: 143) comb.n. 
(Figure 2.8B, Figure 2.9A, Figure 2.9D)  
Described in Cryptothrips, this species was transferred to Bolothrips by Mound 
(1974a) because of the long head and small eyes (Figure 2.8B), as well as its habitat 
at the base of grasses and sedges. Subsequently it was re-assigned to Carientothrips 
because of the presence of four sensoria on the fourth antennal segment (Mound 
1974b). However, it is here transferred to Nesothrips because of the arrangement of 
the maxillary stylets, wide apart and V-shaped in the head (Figure 2.8B), and 
because of the form of the maxillary palps, with the first segment short and quadrate 
and the second segment three times as long as the first (Figure 2.9A). This species is 
widespread in eastern Australia from northern Queensland to Tasmania, and is also 
common in New Zealand (Mound & Walker, 1986). The most closely related species 
is barrowi sp.n. that is known only from a single specimen taken on Barrow Island, 
off the north-western coast of Western Australia.  
Diagnosis. Usually effectively apterous with the wing lobe less than 40 
microns long and the ocelli absent; body, legs and antennae dark brown with 
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segment III briefly paler at base (Figure 2.9D); head elongate, cheeks sinuate, 
constricted behind eyes but broader medially, maxillary stylets wide-V shaped, not 
retracted as far as postocular setae; eyes small, postocellar and postocular setae small 
and acute; pronotum am setae small, remaining major setae not large; 
mesopresternum boat-shaped, metathoracic sternopleural sutures not present; 
metanotum weakly sculptured; pelta very broadly triangular with rounded corners; 
tergites with about 10 discal setae in median transverse row, median pair longer than 
lateral setae, wing-retaining setae long and straight; tergite IX setae acute, about as 
long as tube. Male smaller than female, with foretarsal tooth; pronotum of large male 
with thickened median apodeme.  
 
Nesothrips barrowi sp.n.  
(Figure 2.8C, Figure 2.9E, Figure 2.10D) 
Female aptera. Body and legs uniformly brown, abdomen darker toward apex, tube 
dark brown; antennal segments uniformly brown, III with pedicel yellow; major 
setae pale.  
Head longer than wide, not projecting in front of eyes, cheeks sinuate, vertex 
without sculpture except near margins (Figure 2.8C); ocelli absent; postocellar and 
postocular setae well-developed, acute; compound eyes with about 20 ommatidia, 
smaller ventrally; maxillary stylets wide-V shaped, not retracted as deeply as 
postocular setae (Figure 2.8C); maxillary palp segment I about as long as wide, 
segment II about 3 times as long as I, without transverse lines, terminal sensorium 
setaceous. Antennal segment III elongate, sensoria relatively short, VIII slightly 
constricted at base (Figure 2.9E). Pronotum transverse, weakly reticulate near 
margins, notopleural sutures complete; with 3 pairs of long, stout, acute major setae, 
am and aa small; mesopresternum crescent-shaped, posterior margin curved; 
mesoeusternal anterior margin incomplete medially; metathoracic sternopleural 
sutures absent. Meso and metanotum reticulate, fore wing lobe not developed. 
Metanotal median setae small and acute, widely spaced. Pelta broadly triangular, 
extending less than 80% across anterior border of tergite II (Figure 2.10D); tergites 
with no wing-retaining setae, median transverse row of 8–10 small discal setae; 
tergite IX setae acute, longer than tube, tube shorter than head.  
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Measurements (holotype female in microns). Body length 3250. Head, length 
360; width 260; postocellar setae 60; po setae 130. Pronotum, length 195; width 330; 
major setae am 20, aa 15, ml 70, epim 150, pa ?. Tergite IX setae S1 370, S2 330. 
Tube length 280. Antennal segments III–VIII length 150, 125, 115, 100, 55, 35.  
Specimens studied. Holotype female. Western Australia, Barrow Island, 
iv.2005 (Jonathan Majer)  
Comments. This species is very similar to badius in structure but is much 
larger, with an unusually large head, the third antennal segment elongate and the 
mesoeusternal anterior margin discontinuous medially. The absence of metathoracic 
sternopleural sutures is a character state shared with badius as well as with 
oahuensis, the type species of Nesothrips.  
 
Nesothrips brigalowi sp.n. 
(Figure 2.8H, Figure 2.10C) 
Female macroptera. Body uniformly brown, femora and tibiae brown but distal end 
of each paler, tarsi yellow; antennal segment I brown, II yellow, III–V yellow with 
apical brown shading progressively increasing, VI–VIII uniformly brown; major 
setae brown; fore wing lightly shaded.  
Head wider than long, not projecting in front of eyes, vertex weakly reticulate 
only near margins; postocellar setae acute, arising within ocellar triangle (Figure 
2.8H); postocular setae long, acute; compound eyes almost equal in size dorsally and 
ventrally, several ventral ommatidia weakly pigmented; maxillary stylets wide-V 
shaped, retracted nearly to postocular setae; maxillary palp segment I about as long 
as wide, segment II about 3 times as long as I, without transverse lines, terminal 
sensorium setaceous. Antennal segment VIII not constricted at base.  
Pronotum transverse, weakly reticulate near posterior margin, notopleural 
sutures complete; with 5 pairs of acute major setae, am more slender; 
mesopresternum transverse, boat-shaped; metathoracic sternopleural sutures long and 
curved. Mesonotum with reticulation bearing microtrichia on anterior half (Figure 
2.10C). Metanotum reticulate medially; median setae well-developed (Figure 2.10C). 
Fore wing with about 10 duplicated cilia, sub-basal setae well-developed and acute. 
Pelta with rounded median lobe, constricted where lateral wings are connected, 
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extending about 80% across anterior border of tergite II (Figure 2.10C); tergites III–
VII each with pair of sigmoid wing-retaining setae; tergite IX setae acute, shorter 
than tube; tube shorter than head.  
Measurements (holotype female in microns). Body length 2050. Head, length 
200; width 235; postocellar setae 25; po setae 70. Pronotum, length 120; width 235; 
major setae am 35, aa 35, ml 25, epim 75, pa 55. Fore wing, length 850; sub-basal 
setae 40, 65, 100. Tergite IX setae S1 85, S2 150, S3 135. Tube length 190. Antennal 
segments III–VIII length 70, 70, 65, 65, 45, 30.  
Male macroptera. Similar to female but much smaller, foretarsus with small 
pointed tooth.  
Specimens studied. Holotype female. Australia, Queensland, Dalby, from 
Acacia harpophylla, 27.ix.1997 (LAM3329).  
Paratypes all from Queensland from same host: 1 male with same date and site 
as holotype; Dalby, Lake Broadwater, 2 females, 19.vii.1995, 2 females 2 males 
from dead branches, 8.iii.2006; Rosewood, 2 females from dead Acacia harpophylla 
leaves, 13.x.2006; 10km East of Moonie, 1 female, 28.ix.1997; 30km West of 
Charters Towers, 1 female, 30.vii.1993. 
Comments. This is a typical member of Nesothrips, with widely spaced 
maxillary stylets, long maxillary palp segment II, and well-developed ocellar setae 
arising within the ocellar triangle anterior to the posterior ocelli. It is very similar to 
minor, apart from the position of the ocellar setae and the darker colour of the first 
antennal segment.   
 
Nesothrips capricornis (Mound, 1974a: 23) comb.n. 
(Figure 2.10F) 
Although described in Bolothrips, this species was transferred to Carientothrips 
because of the presence of four sensoria on the fourth antennal segment (Mound, 
1974b), but is here recognised as a species of Nesothrips because of the form of the 
maxillary palps. It remains known only from two females collected in northern 
Queensland, near Townsville.  
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Diagnosis. Micropterous, body bicoloured with head, thorax and legs yellow in 
contrast to dark brown abdomen; head much longer than wide, maxillary stylets 
widely spaced, V-shaped, retracted to mid-dorsal setae, postocellar setae stout and 
broadly blunt, postocular setae long and finely blunt; pronotum with 2 pairs of large 
epimeral setae (Figure 2.10F); metanotum with no sculpture medially; pelta broadly 
triangular; tergites III–VI with wing-retaining setae very long and straight, discal 
area with transverse row of about 20 small setae; tergite IX setae about 0.8 as long as 
tube. 
 
Nesothrips carveri Mound, 1974a: 71 
(Figure 2.8G, Figure 2.9F) 
This species has been found commonly on dead branches of Eucalyptus trees around 
Canberra, and has also been taken around Adelaide and in Victoria. It is an 
extensively brown species, with only the slender base of the third antennal segment 
paler (Figure 2.9F).  
Diagnosis. Macropterous or micropterous, body, legs and antennae dark brown 
with base of antennal segment III yellow; head wider than long, maxillary stylets 
widely spaced, V-shaped, not retracted to postocular setae (Figure 2.8G);  postocellar 
setae acute arising on or near tangent to posterior margin of hindocelli; postocular 
setae long and pointed; maxillary palp segment I as long as wide; pronotum with 5 
pairs of major setae, am and aa smaller than the other setae (Figure 2.8G); 
metanotum with no sculpture, median setae long and acute; metathoracic 
sternopleural sutures absent; pelta with large median lobe and broad lateral wings; 
tergites III–VII with wing-retaining setae weakly sigmoid (almost straight in 
micropterae), discal area with one pair of small setae medially and one pair laterally; 
tergite IX setal pair S3 as long as tube, S1 and S2 no more than 0.6 as long as tube. 
Male microptera pronotum with stout median apodeme, forefemora swollen, 
foretarsal tooth large. 
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Nesothrips coorongi sp.n.  
(Figure 2.8D, Figure 2.10A) 
Female microptera. Body and legs uniformly brown; antennal segments brown 
except pedicel of III yellow; major setae pale.  
Head wider than long, not projecting in front of eyes, cheeks convex, vertex 
weakly reticulate, ocelli small (Figure 2.8D); postocellar setae blunt, posterior to 
inner margin of posterior ocelli; postocular setae blunt; mid-dorsal setae well-
developed, blunt; compound eyes slightly smaller ventrally than dorsally; maxillary 
stylets wide-V shaped, retracted to postocular setae; maxillary palp segment I as long 
as wide, segment II about 5 times as long as I, without transverse lines, terminal 
sensorium setaceous. Antennal segment VIII not constricted at base.  
Pronotum transverse, weakly reticulate near margins, notopleural sutures 
complete, with 5 pairs of blunt major setae (Figure 2.10A); mesopresternum 
transverse, boat-shaped; metathoracic sternopleural sutures absent. Meso- and 
metanotum transverse, reticulate. Fore wing lobe small, bearing 1 or 2 setae. 
Pelta broadly triangular, extending about 80% across anterior border of tergite 
II, reticulate, campaniform sensilla present (Figure 2.10A); tergites III–VII each with 
wing-retaining setae minute; tergite IX setae S1 and S2 blunt, shorter than tube, S3 
finely acute; tube shorter than head.  
Measurements (holotype female in microns). Body length 2750. Head, length 
330; width 250; postocellar setae 35; po setae 70; mid-dorsal setae 45. Pronotum, 
length 175; width 360; major setae am 35, aa 60, ml 75, epim 90, pa 75. Fore wing 
lobe 65. Tergite IX setae S1 210, S2 210, S3 210. Tube length 260. Antennal 
segments III–VIII length 110, 110, 100, 80, 60, 25.  
Male microptera. Similar to female except smaller, foretarsus with sharp tooth; 
head length 300; tergite IX setae 130, 160, 190; tube 215.  
Specimens studied. Holotype female. Australia, South Australia, Meningie 
Airport, from Apodesmia, 15.i.2002. (LAM4103). 
Paratypes: 3 females, 1 male taken with holotype. 
Comments.  This species has a longer head and a wider, non-lobed pelta than 
other members of this genus related to propinquus and minor. The head and 
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postocellar setae resemble some species of the genus Carientothrips, but the 
maxillary palps and the widely spaced, V-shaped, maxillary stylets are typical of 
Nesothrips.  
 
Nesothrips hemidiscus Mound, 1974a: 71 
(Figure 2.10E) 
This species remains known from the original series of 8 females and 2 males taken 
at Mareeba in northern Queensland from dead Casuarina branches. The D-shaped 
pelta of this thrips is unique in Nesothrips.  
Diagnosis. Macropterous; body, legs and antennae dark brown, pedicel of 
antennal segment III yellow; head slightly wider than long, postocellar setae small 
and arising behind ocelli, postocular setae long and dark; pronotum strongly 
transverse, with 5 pairs of major setae, aa close to ml setae; metanotal median setae 
long and stout; pelta D-shaped with no lateral lobes (Figure 2.10E); tergites II–VII 
with one pair of sigmoid wing-retaining setae, discal area with one pair of small setae 
medially and one pair laterally; tergite IX setae S1 short, no longer than basal width 
of tube, S2 and S3 more than 0.5 as long as tube. 
 
Nesothrips lativentris (Karny, 1913a: 129) 
(Figure 2.8A)  
Described originally from Taiwan, this species is widespread across the tropics from 
the Pacific islands including Fiji to the Seychelles in the Indian Ocean. It is known in 
Australia from Darwin in the Northern Territories, from Queensland around Brisbane 
and Cairns, and also from Lord Howe Island and Christmas Island.  
Diagnosis. Macropterous or micropterous, body and legs dark brown, tarsi 
paler, antennal segment III largely yellow, also basal half of IV–V; head longer than 
wide, postocellar setae longer than distance between their bases, arising on tangent 
between posterior margins of hindocelli (Figure 2.8A); postocular setae long and 
acute; maxillary palp segment I as long as wide; pronotum with 5 pairs of major 
setae, am and aa small; metathoracic sternopleural sutures long and curved; 
metanotum weakly sculptured, with one pair of anteromedian discal setae; pelta with 
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large median lobe and broadly joined lateral lobes; tergites II–VII with transverse 
row of 10–20 minute discal setae, wing-retaining setae only weakly sigmoid in 
micropterae; tergite IX setae about 0.8 as long as tube. Large male with strong 
longitudinal pronotal apodeme, forefemora L-shaped, foretarsal tooth large.  
 
Nesothrips minor (Bagnall, 1921: 287) 
Cryptothrips rhizophorae Girault, 1927: 2. syn.n.  
(Figure 2.8F)  
This species was described from Rodrigues in the Indian Ocean. Mound (1974b) 
treated brevicollis from Japan as a senior synonym of minor, but Okajima (1990, 
2006) treated these two as distinct, with brevicollis known only from Japan, and 
minor widely distributed between Fiji and Hawaii in the Pacific through southern 
Japan, Indonesia and Malaysia to India and Rodrigues. In the present study, 
specimens have been examined from Mauritius, Cocos Keeling Islands, Java, 
Malaysia, East Timor, northern Australia, and Lord Howe Island. The shape of the 
tube, and the length of the tube relative to the head length, was found to be variable 
amongst these specimens. However, all of our specimens have the wing-retaining 
setae long and curved, and the posterior margin of the pelta entire. In contrast, 
Okajima (2006) indicates that brevicollis has the wing-retaining setae short and 
straight, and the posterior margin of the pelta slightly eroded medially. The specimen 
described by Girault as rhizophorae cannot be distinguished from the specimens here 
identified as minor.   
Diagnosis. Macropterous, hemimacropterous and micropterous, body brown, 
abdomen darker, tube distal end paler; antennal segments I–III yellow, IV yellow 
with apex variably shaded brown, V brown with yellow pedicel, VI–VIII brown; mid 
and hindlegs with femora shading from brown at base to yellow postero-distally, 
tibiae brown, tarsi yellow; fore wings light brown. Head as long as wide, not 
projecting in front of eyes; postocellar setae acute, on or close to tangent between 
posterior margin of hindocelli (Figure 2.8F); postocular setae acute to weakly blunt; 
eyes slightly smaller ventrally than dorsally; maxillary stylets widely spaced V-
shaped; maxillary palp segment I as long as wide, segment II about 3 times as long as 
I. Pronotum with 5 pairs of major setae, am acute, remaining pairs stout and rather 
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blunt,  notopleural sutures complete; mesopresternum boat-shaped; metathoracic 
sternopleural sutures long and curved. Mesonotum anterior with small microtrichia 
on sculpture lines; metanotum reticulate with one pair of median setae. Pelta with 
broadly rounded median lobe and relatively flat lateral wings; tergites III–VII wing-
retaining setae vary from sigmoid to curved, with one pair of discal setae medially; 
tergite IX setae acute, about 0.8 as long as tube, S3 longest. Major male with large 
pronotum, swollen forefemora, stout foretarsal tooth (Figure 2.8F).  
 
Nesothrips propinquus (Bagnall, 1916: 408) 
(Figure 2.8E, Figure 2.9B, Figure 2.10G)  
This species is widespread along the old sailing ship route between New Zealand, 
Australia and Europe, and Mound and Walker  (1986) suggest that it came originally 
from New Zealand. It is common across Australia in grass tussocks, particularly in 
southern Australia, although it has been taken in eastern Queensland as far north as 
the Torres Strait Islands. However, macropterae seem rare in Australia. Amongst the 
Australian species of Nesothrips, this species is usually distinguishable by the ventral 
prolongation of the eyes. Several synonyms are indicated in (ThripsWiki, 2015).  
Diagnosis. Usually apterous, body brown, abdomen darker than head and 
thorax; antennal segments I–V often yellow, but III–V variably shaded toward apex, 
VI–VIII brown; mid and hindlegs usually yellow to brownish yellow. Head wider 
than long; postocellar setae acute, close to tangent between posterior margin of 
hindocelli; postocular setae acute to weakly blunt, eyes ventrally with entire posterior 
margin prolonged (Figure 2.9B, Figure 2.10G); ocelli small but often absent; 
maxillary stylets widely spaced, V-shaped (Figure 2.8E); maxillary palp segment I as 
long as wide, segment II about 3 times as long as I. Pronotum with 5 pairs of major 
pointed setae, am small, notopleural sutures complete (Figure 2.8E); mesopresternum 
boat-shaped but partly eroded (Figure 2.10G); metathoracic sternopleural sutures 
present, curved. Mesonotum and metanotum transverse, metanotum with no 
sculpture medially. Pelta variable, median lobe broadly rounded with lateral lobes 
either connected or not connected; tergites III–VII wing-retaining setae small and 
straight, with transverse row of about 10 discal setae; tergite IX setae short and acute, 
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about 0.6 as long as tube, S3 longest. Major male with large pronotum, swollen 
forefemora, stout foretarsal tooth.  
 
Nesothrips rossi sp.n. 
(Figure 2.8I, Figure 2.10B) 
Female macroptera. Body uniformly brown with tube paler at apex, femora paler 
toward apex, tarsi brownish yellow; antennal segment I and base of II concolourous 
with head, III yellow, IV–V yellow with apex weakly shaded, VI with yellow 
pedicel, VII–VIII brown; major setae brown; fore wings pale.  
Head wider than long, not projecting in front of eyes, cheeks convex, vertex 
weakly reticulate (Figure 2.8I); postocellar setae small and acute posterior to inner 
margin of posterior ocelli; postocular setae long, acute; compound eyes equal in size 
dorsally and ventrally; maxillary stylets wide-V shaped, not retracted as deeply as 
postocular setae; maxillary palp segment I about as long as wide, segment II about 2 
times as long as I, without transverse lines, terminal sensorium setaceous. Antennal 
segment VIII not constricted at base.  
Pronotum transverse, weakly reticulate near margins, notopleural sutures 
complete (Figure 2.8I); with 5 pairs of major setae, most blunt but am acute; 
mesopresternum transverse, boat-shaped; metathoracic sternopleural sutures short. 
Metanotum without sculpture anteromedially but with longitudinal reticulation on 
posterior half; median setae long. Fore wing with about 16 duplicated cilia, sub-basal 
setae long and acute.  
Pelta with broadly rounded median lobe and short lateral wings curving away 
from anterior margin of tergite II, extending about 70% across anterior border of 
tergite (Figure 2.10B); tergites III–VII each with pair of sigmoid wing-retaining 
setae; tergite IX setae S1 and S2 blunt, shorter than tube, S3 finely acute and almost 
as long as tube; tube shorter than head.  
Measurements (holotype female in microns). Body length 2500. Head, length 
240; width 250; postocellar setae 30; po setae 100. Pronotum, length 130; width 280; 
major setae am 35, aa 30, ml 40, epim 105, pa 50. Fore wing, length 1000; sub-basal 
setae 30, 75, 130. Tergite IX setae S1 115, S2 155, S3 190. Tube length 215. 
Antennal segments III–VIII length 80, 80, 70, 65, 45, 30.  
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Male macroptera. Similar to female except forefemora enlarged, foretarsi with 
stout tooth; pronotum with strong median longitudinal apodeme; tergite IX setae S3 
as long as tube.  
Specimens studied. Holotype female. Australia, Queensland, Townsville, 
Aitkenvale, Ross River, from dead leaf of Melaleuca leucadendra, 17.viii.1993 
(L.M.Brown).  
Paratypes: 1 female, 1 male taken with holotype. 
Comments. This species is similar in general appearance to several other 
short-headed members of this genus, but is distinguished particularly by the linear 
sculpture on the posterior half of the metanotum (Figure 2.10B).  
 
Nesothrips yanchepi Mound, 1974a: 71 
(Figure 2.9C)  
This species remains known only from the original series of two females and one 
male taken from sedges in Western Australia just north of Perth. It is similar to 
carveri and minor, but with the third antennal segment less slender at the base and 
extensively yellow (Figure 2.9C). The single male paratype has enlarged forefemora 
and large foretarsal tooth. 
Diagnosis. Micropterous, body and legs dark brown, hind femora and hind 
tibiae yellow only at extreme apices, tarsi yellow; head as long as wide, postocellar 
setae acute and arising on tangent between posterior margins of hindocelli; 
postocular setae long and acute; pronotal am and aa setae small and acute, ml, epim 
and pa well-developed; metanotum with equiangular reticulation laterally but smooth 
medially; pelta with large median lobe and broadly joined lateral lobes; tergites II–
VII with wing-retaining setae very long and straight, discal area with one pair of 
small setae medially; tergite IX setae about 0.6 as long as tube.  
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Figure 2.1 Carientothrips species. Head: (A) mjobergi, (B) flavitibia, (C) tasmanica, 
(D) alienatus major male, (E) loisthus macropterae. Ventral eye surface: (F) 
alienatus, (G) miskoi, (H) flavitibia, (I) tasmanica. 
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Figure 2.2 Carientothrips species. Head: (A) horni, (B) calami, (C) semirufus, (D) 
snowi, (E) palumai, (F) vesper. 
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Figure 2.3 Carientothrips species. Maxillary palps: (A) palumai, (B) alienatus, (C) 
tasmanica, (D) loisthus, (E) flavitibia. 
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Figure 2.4 Carientothrips species. Tergites VIII–X (tube): (A) snowi. Tergites IX–X 
(tube): (B) miskoi female, (C) calami. Antenna segments III–VIII: (D) horni, (E) 
reedi, (F) vesper, (G) magnetis, (H) pedicillus. Antennal segments III–IV: (I) acti, (J) 
pictilis. 
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Figure 2.5 Carientothrips species. Metathorax and pelta: (A) calami, (B) tasmanica, 
(C) mjobergi, (D) snowi. Pelta: (E) flavitibia. Thoracic sternites: (F) alienatus. 
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Figure 2.6 Carientothrips species. Metathorax and pelta: (A) horni, (B) acti, (C) 
vesper, (D) loisthus, (E) semirufus. Pelta: (F) palumai, (G) miskoi. 
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Figure 2.7 Carientothrips species. Tergites: (A) semirufus female segments II–III, 
(B) loisthus segments III–V, (C) snowi pelta and segment II–IV. 
 
*note tergal chaetotaxy proposed for Idolothripinae is updated in Chapter 3 (See C35-38 
under section Abdominal Segment I–X and Associated Structures). 
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Figure 2.8 Nesothrips species. Head: (A) lativentris, (B) badius, (C) barrowi, (D) 
coorongi, (E) propinquus, (F) minor major male, (G) carveri, (H) brigalowi, (I) 
rossi. 
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Figure 2.9 Nesothrips species. Maxillary palps: (A) badius. Eye ventral surface: (B) 
propinquus. Antennal segments III–VIII: (C) yanchepi, (D) badius, (E) barrowi. 
Antennal segments II–VIII: (F) carveri. 
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Figure 2.10 Nesothrips species. Thoracic features and pelta: (A) coorongi, (B) rossi, 
(C) brigalowi, (D) barrowi. Pelta: (E) hemidiscus. Pronotum: (F) capricornis. 
Maxillary palps and mesopresternum: (G) propinquus. 
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 A Character Study and Chapter 3:
Morphological Phylogeny of the 
Idolothripinae 
3.1 INTRODUCTION 
3.1.1 The Morphological Basis of the Idolothripinae 
The Thysanoptera suborder Tubulifera contains a single family Phlaeothripidae 
(Mound, 2011). The Phlaeothripidae is distinct from the Terebrantia based on the 
following morphological characters: abdominal segment X tubular; sternite VIII of ♀ 
similar in structure to sternite VII and with ovipositor not saw-like; wings without 
veins and surface microtrichia, with fringe-cilia embedded in the wing membrane, 
not arising from sockets (Mound et al., 1980).  
Stannard (1957) defined Megathripinae, the junior synonym of Idolothripinae, 
with three morphological characters: i) the possession of broad maxillary stylets; ii) 
the absence of male sternal glandular areas; and iii) the lateral tergal setae on 
abdominal segment IX of the males are never short and stout with spine-like 
appearance or are never shorter than the females’. Additionally, Stannard (1957) 
made note that the pair of maxillary guide that is present in most phlaeothripids is 
usually degenerated in the megathripines.  
MP83 reinforced Stannard’s (1957) note on the fourth defining character for 
the subfamily—the absence of maxillary guides in Idolothripinae—but noted 
exceptions exist for a few species in the Pygothripina which retain the maxillary 
guides. MP83 also noted exceptions to the second of Stannard’s (1957) characters 
that united the subfamily—three species in the genera Dichaetothrips, Peltariothrips, 
and Tarassothrips, apparently have sternal glandular areas in males and/or females. 
As a result, with the exception of the pair of broad maxillary stylets, all other 
defining morphologies of this subfamily are shared loss-characters, two of which 
involve secondary sexual traits in males, moreover with exceptions to some species, 
all of which are considered weak markers of common ancestry in the context of 
phylogenetics (Mound et al., 1980). MP83 proposed a tribal classification for the 
subfamily Idolothripinae with two tribes and nine subtribes and hypothesized 
 99 
relationships between some of the subtribes were founded on the basis of eight major 
morphological characters, in which four character states are purported Idolothripinae 
apomorphies as depicted in a dendrogram (Figure 3.1).  
 
Figure 3.1 Summary dendrogram illustrating relationships between subtribes in 
MP83 tribal classification, and character-state distributions. Adapted from pg.10, 
Mound and Palmer (1983b), purported apomorphies highlighted with yellow star. 
 
 
 
3.1.2 Overview of Mound and Palmer Tribal Classification 
The MP83 classification and the proposed relationships among the subtribes as 
depicted in Figure 3.1, are discussed below. It should be reiterated that the MP83 
classification is based on intuition from traditional morphotaxonomic study rather 
than formal cladistic analysis. Hence, the topology presented by MP83 (Figure 3.1) is 
a dendrogram that depicts early classification efforts to identify monophyletic 
lineages within the Idolothripinae, and the hypothesized relationships between the 
proposed family-group names as supported by the eight primary characters. 
Throughout the MP83 in-text discussions there is extra information such as 
alternative relationship hypotheses, and these are not fully depicted or may not be 
100  
phylogenetically correct if dendrogram were to be interpreted as a contemporary 
phylogenetic cladogram. MP83 also often noted in-text certain taxa that showed 
exceptions to their subtribal major diagnostic character states. These need to be 
interpreted on a case basis depending on the taxon in question, and most are not 
discussed fully here. Placement of taxa lacking the complete set of diagnostic 
character states are all treated here as hypotheses proposed in MP83, while 
hypotheses presented by other authors will be referenced explicitly. 
MP83 propose that the basis for distinguishing between the tribes Pygothripini 
and Idolothripini is the number of tergal wing-retaining setae (WRS) on abdominal 
tergites and the presence or absence of the metathoracic sternopleural sutures. 
Pygothripini has one pair of tergal WRS, and ‘usually have well-developed 
metathoracic sternopleural sutures’ (pg.9, MP83). In contrast, subtribes within 
Idolothripini have two or more pairs of tergal WRS, and they never have 
metathoracic sternopleural sutures. While the relationship between the two tribes was 
ambiguous, MP83 favoured the Idolothripini as a derived clade within the 
Pygothripini, and considered Idolothripini to be a potential sister-group of the 
subtribe Macrothripina (pg.9, pg.11, MP83). This is because the Macrothripina, 
despite sharing one pair of tergal WRS with other Pygothripini, also lack 
metathoracic sternopleural sutures as in the Idolothripini. In the context of 
phylogenetics, the Pygothripini is thus rendered paraphyletic. As a result, this also 
implies a polarity for these two characters to transition from sternopleural sutures 
present and with one pair of tergal WRS in the Pygothripini, to sternopleural sutures 
absent and with two or more pairs of tergal WRS in the Idolothripini.  
MP83 consider many characters exhibited by members of the Pygothripini as 
plesiomorphic for the subfamily. In particular, the Pygothripina is suggested as the 
closest approximation to ‘extant proto-idolothripines’ (pg.21, MP83), because its 
species members possess many of these purported plesiomorphies or least-advanced 
characteristics: long maxillary stylets that close together medially in the head when 
fully retracted (versus short and align wide apart when fully retracted) and 
sometimes paired with long-stout maxillary guides (versus absence of maxillary 
guides); metathoracic sternopleural sutures present (versus absent); anapleural 
sutures complete (versus well-developed but incomplete); pelta with slender and 
wide lateral wing (contrasting condition not defined); the tenth abdominal segment or 
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commonly called tube is glabrous/not hairy (versus setose/hairy); and traits perceived 
to be a result of reduction such as antennae being less than the usual eight-
segmented, and possessing two sense cones on antennal segment IV (versus four 
sense cones). 
The Allothripina is hypothesized to be either the sister-group to Pygothripina 
(pg.21, MP83), or, to be derived from within Pygothripina (pg.11, MP83)—with both 
subtribes forming a ‘least advanced subgroup’ of the Idolothripinae (pg.6, MP83). 
This is depicted in the MP83 dendrogram where Pygothripina and Allothripina are 
placed as a ‘basal grade’. This relationship hypothesis is based on the grounds that 
these two subtribes share several of the purported plesiomorphic characters, 
especially the ‘long’ maxillary stylets. Allothripina itself is a small subtribe 
comprised of species found in leaf litter that are defined primarily by having a unique 
apomorphy of an enlarged terminal sensorium on maxillary palp segment II, are 
usually wingless, and also exhibit reduction in a series of traits (e.g. reduced eyes, 
reduced antennal segments, two sense cones on antennal segment IV, and eroded 
sclerites).  
Furthermore, as reviewed in Chapter 1, Bhatti's (1992) competing classification 
system recognises two families Allidothripidae and Allothripidae for five genera 
currently placed under MP83s’ Allothripina. Allidothripidae sensu Bhatti (1992) 
contains genus Allidothrips, which has two species that are aberrant amongst the 
phlaeothripids because their tergite I is fully sclerotized like a regular transverse 
abdominal tergite instead of being differentiated into a  pelta. Allothripidae sensu 
Bhatti (1992) contains four genera, Allopisothrips, Allothrips, Priesneriella, and 
Pseudocryptothrips, where the species are defined by having three-segmented 
maxillary palps. The proposal of Bhatti's (1992) fourteen-family tubuliferan 
classification has not been accepted by most taxonomists, the Allothripidae in 
particular was considered invalid on the grounds that the ‘third segment’ is merely an 
enlarged terminal sensorium on the maxillary palp segment II  (Mound & Marullo, 
1996; Okajima & Urushihara, 1997; Okajima, 2006). 
Four other subtribes of Pygothripini—the Gastrothripina, Compsothripina, 
Diceratothripina and Macrothripina—are distinguished from the ‘least advanced’ 
Pygothripina and Allothripina primarily based the length of maxillary stylets—the 
character state of ‘short’ maxillary stylets, which is also shared with the 
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Idolothripini. There exist a notion of polarity to the number of sense cones on 
antennal segment IV in the subfamily, which provide support for the relationships for 
these four subtribes, albeit ambiguously, as depicted in the dendrogram. On the basis 
that most members of the ‘basal’ Pygothripina and Allothripina have only two sense 
cones on antennal segment IV, this state is hypothesized as the plesiomorphic 
condition for the Idolothripinae (pg.6, MP83). Some members in the Pygothripina, 
however, have three (Cryptothrips) and four sense cones (some Ozothrips). 
Meanwhile, Gastrothripina members have three sense cones, a state in common with 
Bolothrips from the Compsothripina (other members of Compsothripina have two 
sense cones). On this basis the Gastrothripina was proposed to be a sister-group of 
the Compsothripina (pg.21, 34, 38, MP83), and both subtribes may have derived 
from a ‘Cryptothrips-like ancestor’ (pg.21, MP83). And finally, the majority of 
Idolothripinae (the two Pygothripini subtribes Diceratothripina and Macrothripina, 
plus the tribe Idolothripini) have four sense cones. There is thus a polarity of the 
number of sense cones to transition from the plesiomorphic condition of two, to three 
(derived multiple times, pg.7, MP83), and lastly to four as the condition present in 
most Idolothripinae, while the occasional more than four as being highly derived 
condition.  
In contrast to the ambiguously resolved relationships among the Pygothripini, 
the subtribes within the Idolothripini are relatively well-resolved by the evidence of 
the MP83 major characters (Figure 3.1). This tribe has been deemed to be the ‘more 
advanced’ group (pg.11, 22, MP83), in particular the most ‘derived clade’ composed 
of the sister-groups Hystricothripina and Idolothripina, that possess a characteristic 
hairy tube. These two subtribes then can be distinguished by the absent of basantra 
(praepectal plates) in the Hystricothripina. Furthermore, metathoracic sternopleural 
sutures are distinctively absent in Macrothripina and Idolothripini, the Macrothripina 
is therefore considered by MP83 to be the only possible sister-group of the 
Idolothripini (pg.9, 11, 20, MP83). At this stage, however, MP83 were unsure of the 
relationship between Macrothripina and other members of the Pygothripini (pg.11, 
MP83), despite they share the character of one pair of tergal WRS. 
The MP83 tribal classification system appears well-founded and has its utility 
overall, especially when no well-argued alternative scheme has been proposed to 
date. However, the problem with this classification is that there are many cases of 
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exceptions, genera whose placement could not be satisfactorily justified by the 
generalised framework of the presented dendrogram (Figure 3.1). These exceptions 
range from involving just a single species to a more speciose taxon. For example, 
some members of Pygothripini lack sternopleural sutures (some species in 
Compsothripina) or have a hairy tube (as in Cleistothrips); some members of 
Idolothripini have only one pair of tergal WRS (Anactinothrips) while some 
members of Pygothripini has more than one pair of tergal WRS (two species of 
Phaulothrips); and there are Macrothripina species with ‘long’ parallel maxillary 
stylets (as in Celidothrips). As a result, most genus boundary are nebulous and not 
formally defined, the major suprageneric diagnostic characters overlap and have to 
be used in arbitrary combinations intuitively. Furthermore, as much as 35% of 
Idolothripinae genera are monotypic, while some speciose genera are obvious 
heterogeneous assembly. Consequently, systematic complications are very common 
and have no simple resolution.  
 
3.1.3 Aims 
This section aims to develop a phylogeny for the Idolothripinae using morphological 
characters. The methodology is structured into two parts. First, a comparative 
character study will be conducted on available Idolothripinae exemplars and also 
referred from taxonomic literature to identify homologies and their variation, and 
then to code for a morphological data matrix. Secondly, phylogenetic analyses of the 
morphological data matrix will be performed under maximum parsimony optimality 
criterion to infer a phylogeny. The phylogeny will be used to test the MP83 
classification system and various hypotheses as discussed previously. The utility of 
morphology as phylogenetic markers will be explored and discussed.  
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3.2 METHODS AND MATERIALS 
3.2.1 Microscopy 
The ideal compound microscope to study thrips taxonomic slide materials should 
have differential interface contrast (DIC) and Phase Contrast illuminations, other 
than the usual bright field illumination, with objective lenses ranging from 4x, 10x, 
20x, to 40x or higher, in order to observe morphological details properly, while 
Automontage images with Z-stack function is essential to prepare images of most 
idolothripines due to their body thickness resulting in huge depth under the coverslip. 
Multiple compound light microscope models were used to examine slide-mounted 
taxonomic specimens in this study. Initial character studies were performed using 
Olympus CX21, a basic light microscope that was found to be inadequate for 
viewing many finer morphological details such as setae, or for studying specimens 
that were not well-macerated. A significant number of study materials were old 
taxonomic slides that appeared dark or opaque. Such specimens were subsequently 
examined using a Nikon eclipse 50i that allowed darker area of the specimens to be 
observed via over-exposure of the light source and to be viewed through an external 
monitor. Images were taken using Leica M6000 with automated Z-stack image 
montage function and up to 50x magnification, in the QUT-CARF (Central 
Analytical Research Facility). Scanning Electron Microscopy in CARF was also used 
to examine external features on a few fresh specimens.  
  
3.2.2 Selection of Taxa 
Taxonomic slides were loaned from BNHM (British Natural History Museum), 
ANIC (Australian National Insect Collection), QDPC (Queensland Primary 
Industries Insect Collection), and UKM (National University of Malaysia). In 
addition, some specimens were newly collected during the study, and processed 
using the method in Appendix A. Nomenclatural information for all Thysanoptera 
including the taxa discussed in this study is available on the website ThripsWiki 
(2015). 
In this study I assumed monophyly of the Idolothripinae based on the study by 
Buckman et al. (2013). The reason to assume monophyly for the Idolothripinae was 
due to the need to define the scope of study so that it was feasible in terms of work 
 105 
quantity as well as the procurement of the range of taxa to study, either by fieldwork 
or museum loans of taxonomic slides. Many genera within the Idolothripinae are 
potentially non-monophyletic, but for the scope of this phylogenetic study the 
exemplar approach is adopted (Yeates, 1995), and each Idolothripinae genus 
available will be represented by a chosen exemplar species. No chimeric taxa 
(terminal data coded from different species) were included in the dataset, but some 
taxa contain characters scored from different conspecific individuals such as when 
scoring for sexual dimorphic characters (individuals of different sex), wing 
characters (individuals of different wing-morphs), and when a character could not be 
observed from one slide due to poor mounting quality. Among available materials, 
exemplars were chosen from paratype series whenever they were available. 
However, I often resorted to using non-paratype specimens that were of good quality 
and that still appear to represent the genus in overall morphology, so that the 
maximum number of characters possible could be scored. 
A total of 71 taxa were chosen representing 65 of the 81 recognised 
Idolothripinae genera (Table 3.1). The chosen exemplars included three species of 
Bactrothrips (idolomorphus, kranzae, nativus), two species of Nesothrips (carveri, 
badius), and two species of Priesneriana (kabandha, uptoni) due to presence of 
contrasting character states in these genera. Two mycophagous Phlaeothripinae 
species from the genera Haplothrips and Holothrips were included, in which 
Haplothrips was used as outgroup in the parsimony analyses. Sixteen Idolothripinae 
genera were not scored due to specimens not being available for study: twelve of 
these missing genera are monotypic and have been rarely collected (Allopisothrips, 
Anallothrips, Ceuthothrips, Cylindrothrips Cyphothrips, Egchocephalothrips, 
Elgonima, Hybridothrips, Illinothrips, Ischyrothrips, Saurothrips, and Zeuglothrips); 
with the further four genera represented by only two species each (Allidothrips; 
Azeugmatothrips; Camachothrips, Diplacothrips). Full nomenclature for all 
Thysanoptera species is available from ThripsWiki (2015b). 
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Table 3.1 List of Idolothripinae genera based on Mound and Palmer's (1983b) tribal 
classification scheme. Genera for which material could not be obtained were marked 
with ‘X’ in the exemplar column.   
 
Of all 83 available genus names, two are excluded from the below listing as their status remains in 
doubt—the Pinaceothrips (ThripsWiki, 2013b) and Amerindiothrips (ThripsWiki, 2014a, 2014b). Full 
nomenclature for all Thysanoptera species is available from ThripsWiki (2015b). 
 
Exemplars Slide ID Locality (simplified) Date Collector 
PYGOTHRIPINA     
Cleistothrips idolothripoides NHM_C_3 F NEW ZEALAND 1979.ii.15 LAM1456 
Cryptothrips nigripes NHM_C_7 F SWEDEN 1973.vi.14 UFE.14, 184 
Ecacleistothrips glorious ANIC_E_1 F Paratype AUSTRALIA: QLD 2006.iii.09 LAM4861 
Emprosthiothrips 
brimblecombei ANIC_E_2 F AUSTRALIA: NT 2009.ii.19 C. Palmer 
Heptathrips cumberi ANIC_H_3 M/MF AUSTRALIA: SA 2002.xii.28 LAM4283 
Ozothrips priscus NHM_O_8 M paratype NEW ZEALAND 1979.i.28 LAM1367 
Pelinothrips ornatus ANIC_P_2 M AUSTRALIA: SA 2001.iii.14 LAM5485 
Phaulothrips vuilleti ANIC_P_5 MF AUSTRALIA: QLD 2006.ii.2 RW Matthews 
Priesneriana kabandha NHM_P_7 M apt. INDIA 1968.iii.3 T.N.A. 330 
Priesneriana uptoni ID45 AUSTRALIA: Norfolk Is. Nill L.A. Mound 
Pygothrips sp. ANIC_P_011 F AUSTRALIA: ACT 2011.iii.6 LAM5439 
ALLOTHRIPINA     
Allothrips stannardi ANIC_A_7 M AUSTRALIA: QLD 1985.x.20 LAM1925 
Faureothrips reticulatus NHM_F_1 F SOUTH AFRICA 1951.vii E.K. Hartwig 
Minaeithrips aliceae ANIC_M_6 F AUSTRALIA: SA 2011.iii.10 LAM5449 
Priesneriella citricauda ANIC_P_6 F of MF AUSTRALIA: WA 2009.ix.20 LAM5225 
Pseudocryptothrips sp. NHM_P_10 F MEXICO 1943.iii.24 M. Cardenas? 
COMPSOTHRIPINA     
Anaglyptothrips dugdalei ANIC_A_8 F AUSTRALIA: NSW 2009.v.? ? Harvey & John Martin 
Bolothrips bicolor NHM_B_4 F USA: Utah 1973.iv.16 G. F. Knowlton 
Compsothrips albosignatus NHM_C_4 M TURKEY 1969.v.13 
M.Y. Celik, 
NKM 69/208 CIE 
A 3217 
Loyolaia indica NHM_L_6 M INDIA 1966.ix.?  TNA 69 
DICERATOTHRIPINA     
Acallurothrips sp. ANIC_A_1 F AUSTRALIA: QLD 2006.x.11 4951 
Campulothrips gracilis NHM_C_1 FIJI 1982.vi.20 LAM1639 
Carientothrips mjobergi ANIC_C_010 F AUSTARLIA: WA 2005.iii.2 LAM4670 
Diceratothrips ?bicornis NHM_D_7 M PANAMA 1979.vii.19 Dr. E. Broadhead 
Neosmerinthothrips collaris NHM_N_4 F NIGERIA 1977.vi T.J. Perfect. 
Nesidiothrips alius NHM_N_5 M INDIA 1969.x.07 TNA 467 
Nesothrips badius ID59 AUSTRALIA: QLD 2013.iv.27 LX241 
Nesothrips carveri ANIC_NC_1 MF mac. AUSTRALIA: NSW 2010.xii.28 LAM5423 
Phacothrips ocelloides NHM_P_5 F PANAMA 1979.15.voo Dr. E. Broadhead 
Pseudoeurhynchothrips sp. NHM_P_8 F SOUTH AFRICA 1922.iii.13 R. E. Turner 
Sporothrips amplus NHM_S_2 F USA: South Caroline 1938.ix.03 h. hichteig 
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ELAPHROTHRIPINA     
Anactinothrips sp. ID17 ID17 PANAMA Nill donation to L.A. Mound 
Dermothrips hawaiiensis NHM_D_3 M/MF USA: Hawaii 1947.vi.6 K. Sakimura 2234 
Dinothrips sumatrensis UKM_D_011 M MALAYSIA 2010.vii.27 Ng & Eow 
Elaphrothrips bakeri UKM_EB_1 M MALAYSIA 2010.iv.01 Ng & Eow 
Hartwigia tumiceps NHM_H_1 F Paratype ZULULAND 1943.vi.1 J.C. Faure 
Lamillothrips typicus NHM_L_1 M GHANA 1972.i-ii J.D. Majer 
Malesiathrips australis ANIC_M_1 M/MF paratype AUSTRALIA: QLD 2004.viii.4 LAM4431 
Mecynothrips acanthus ANIC_M_3 M AUSTRALIA: QLD 2008.xi.3  LAM5176 
Ophthalmothrips 
miscanthicola NHM_O_4 M JAPAN 1980.viii.11 LAM1562 
Tiarothrips subramanii NHM_T_3 M INDIA 1966.iv.09 TNA 122 
GASTROTHRIPINA     
Gastrothrips acutulus UKM_G_1 M MALAYSIA 2009.ix.20-28 Ng & Eow 
HYSTRICOTHRIPINA     
Actinothrips retanae NHM_A_9 F paratype COSTA RICA 1989.vi.12 LAM2012 
Atractothrips bradleyi NHM_A_011 M USA: FLORIDA Nill Ross Kiester 
Holurothrips ornatus NHM_H_2 M MALAYSIA 1973.x.15 LAM1113 
Hystricothrips phasgonura NHM_H_5 M SAO TOME 1975.ix.15 J. Derron 5 
Neatractothrips macrurus NHM_N_1 M PHILIPPINES 1979.viii.22 S. Okajima 
Paractinothrips peratus NHM_P_2 M paratype PHILIPPINES 1980.viii.16 S. Okajima 
Zactinothrips elegans NHM_Z_1 M PERU 1936.xi.24-25 Hood 1155 
Zeugmatothrips gracilis NHM_Z_6 M marc. TRINIDAD ? B.R. Pitkin 439 
IDOLOTHRIPINA     
Bacillothrips longiceps NHM_B_3 M SPAIN 1983.vi.8 D. O' Rouwell, LIEA15726 
Bactrothrips idolomorphus UKM_B_2 M MALAYSIA 2011.i.18 Ng & Eow 
Bactrothrips kranzae ANIC_B_6 AUSTRALIA: SA 2011.iii.14 LAM5482 
Bactrothrips nativus ANIC_B_9 AUSTRALIA: SA 2011.iii.10 LAM5454 
Idolothrips spectrum QUT_ido_1 M AUSTRALIA, QLD 2012.ix.08 L.X. Eow 
Megalothrips spinosus NHM_M_5 M USA: WASHINGTON 1937.ix.1 Andre 
Megathrips lativentris NHM_M_7 M ENGLAND 1977.i.30 P.M. Hammond 
Meiothrips annulipes UKM_M_6 M MALAYSIA 2010.v.31 Ng & Eow 
MACROTHRIPINA     
Aesthesiothrips jatrophae NHM_A_3 F MALAYSIA 26.xii.69 R. G. & F. Andre 
Celidothrips lawrencei 
(Ommatidothrips lawrencei) NHM_O_2 F  SOLOMON IS. 20.xi.1963 Nill 
Diaphorothrips clavipes UKM_D_5 F MALAYSIA 2009.ix.20-28 Ng & Eow 
Dichaetothrips sp. QDPC 0-165321 M AUSTRALIA: QLD 2010.xii.11 Monteith, G. 
Ethirothrips stenomelas ANIC_E_3 M  AUSTRALIA: ACT 2001.xi.25 LAM 
Herathrips nativus ANIC_H_1 F AUSTRALIA: NSW 2001.x.26 Geoff. Williams 
Machatothrips ?biuncinnatus UKM_M_000 MALAYSIA 2009.ix.20-28 Ng & Eow 
Macrothrips papuensis NHM_M_001 M NEW GUINEA 1968.iv.4 R. Rice 
Peltariothrips sp. NHM_P_004 F PHILIPPINES 1979.viii.2 S. Okajima 
Polytrichothrips geoffri ANIC_P_015 F AUSTRALIA: QLD 1989.i.8 ?E. Schmidt 
Tarassothrips akritus NHM_T_001 M Paratype SINGAPORE 1980.viii.11 LAM1594 
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PHLAEOTHRIPINAE     
Haplothrips sp. ID53 ID53 CHINA: SICHUAN 2012.viii.10 LX69 
Holothrips oceanicus ANIC_H_005 (M)F AUSTRALIA: QLD 2004.viii.1 LAM4422 
 
3.2.3 Character Study and Coding 
No publications were available delineating morphological markers at the subfamily 
level. During character study, I had initially attempted but unsuccessful in 
summarising usage of all characters in Idolothripinae taxonomic publications into a 
data matrix. One of the outcomes from this exercise was the recognition that the 
majority of taxonomic characters used were arbitrary and only practical within a 
subset of all taxa. Most characters have never been compared across Idolothripinae, 
and are not directly transferable or applicable for use with other taxon groups. 
Subsequently, available Idolothripinae specimens were examined via microscopy to 
find homologies and their variation that could be defined and coded as discrete 
states. In parallel to this process, the defined character-states were compared with 
literature to see how these characters had been discussed or utilised in the past. Major 
taxonomic and classification studies were referenced (Dang & Qiao, 2013; Eow et 
al., 2011; Mound & Marullo, 1996; Mound & Palmer, 1983b; Mound & Tree, 2011, 
2013; Mound & Walker, 1986; Mound, 1974a, 1974b, 2007; Okajima, 2006; Palmer 
& Mound, 1978; Reyes, 1994; Stannard, 1957). These publications were examined 
for descriptions of potentially useful characters, but few were characters also not 
consolidated by MP83. Historically, only the eight major characters listed in MP83 
have been utilised for the classification of Idolothripinae. Some of Bhatti’s 
publications (Bhatti & Mehra, 1998; Bhatti, 1991, 1998a) contained detailed 
phlaeothripids morphological character studies with illustrations but few 
Idolothripinae examples were included.  
Mesquite v.3.03 (W. P. Maddison & Maddison, 2015) was used to manage the 
list of taxa, characters, character states, and the scores for each taxa. Ambiguous or 
missing characters were coded ‘?’ (e.g. when the homologous structure could not be 
identified in a highly aberrant species), and inapplicable characters were coded with 
‘-’ (such as wingless individual for a wing-character). The finalised data matrix was 
exported into nexus format (Maddison, Swofford, & Maddison, 1997) for further 
analyses.  
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List of Common Abbreviations 
 
C/S Prefix C/S in-text followed by number is used to denote character and states.  E.g. C1 = Character 1; S1 = state 1. 
ID Prefix ID followed by number is the molecular voucher identity number of the species sequenced in this study. 
MP83 Mound and Palmer (1983b) 
L Length 
W Width 
lc. Lacinia/laciniae pl. (maxillary stylets) 
mx. maxillary  
lvr. lever 
WRS wing-retaining setae 
mic. micropterae 
mac. Macropterae 
apt. apterae 
hemi. hemimacropterae 
SEM Scanning Electron Microscopy 
 
3.2.4 Maximum Parsimony Analyses and Character Mapping 
Maximum Parsimony analyses were performed using PAUP* v4.0b10 (Swofford, 
2002). Heuristic searches were implemented with 1000 replicates, using random 
taxon addition, tree-bisection and reconnection (TBR) branch swapping, and the 
MAXTREE option set at 80000 (Appendix G). All characters were unweighted and 
unordered, and gaps were treated as missing data. The tree was rooted with the 
outgroup Haplothrips sp. only, as I wanted to test the phylogenetic position of 
another non-idolothripines phlaeothripid, Holothrips. Statistical support for inferred 
clades was evaluated with Bremer analysis (decay index), with 20 replicates using 
TREEROT VER.3 (Sorenson & Franzosa, 2007) implemented through PAUP* 
v4.0b10 (Swofford, 2002). The utility of the MP83 major characters were examined 
via character mapping using parsimony ancestral state reconstruction in MESQUITE 
ver. 3.03 (Maddison & Maddison, 2015),  which is a criterion that favours the fewest 
changes in character states across tree space. 
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3.3 RESULTS 
3.3.1 Character Study 
This section contains character study discussion, arranged by body part followed by 
list of characters and states. Exemplary figures are arranged into plates, provided at 
the end of the character study section (Plates 3.1–3.31).  
 
Head and Associated Structures (C1–C19) 
The head of Idolothripinae (Plate 3.1) is considered to be the most important body 
part for taxonomic characters, including shape of head, chaetotaxy, mouthparts, and 
also presence of visual and sensory organs (compound and simple eyes, ommatidia 
structure on the cheek). Unfortunately, the head can easily be distorted by the 
pressure of coverslip in mounted taxonomic slides when the slip collapses as the 
slide dries (due to inconsistency in the viscosity of the mounting media, Canada 
balsam), or simply by over compressing the coverslip during slide mounting. A 
compressed head, especially for species where the head is dorso-ventrally thick, 
appears wider or split apart basally at the neck (Plate 3.4 C, 3.8 C), or the maxillary 
stylets retracted position may be distorted. Such specimens are of little use for 
taxonomic identification. Furthermore, an improperly macerated specimen that is 
dark and opaque (Plate 3.9 F), rendering the diagnostic structures on the head (e.g. 
chaetotaxy, maxillary stylets, mouthparts, compound eyes) unobservable due to low 
light transmission.  
Conventional taxonomy utilises the shape of head by silhouette features readily 
observed, such as ‘head long/longer than wide’ versus ‘head short/wider than long’ 
or ‘head length-width about equal’. This is then coupled with descriptive qualities of 
the cheek margin, such as ‘parallel/ sinuate/ concave/ narrowing towards base (neck)/ 
broader at base/ sharply constricted behind eyes/ sharply constricted at neck etc.). 
Additionally, dorso-ventral of head is described as ‘strongly elevated mid-line’, or 
‘head round and bulbous’. These qualities of head shape were found to be distinctive 
and useful when compared between taxa in a small subset, but difficult to defined 
across the broad range of genera in Idolothripinae. Initial attempt to code each of the 
descriptive qualities as binary character were later dropped, because the quality of 
silhouette or ‘shape’ is difficult to be defined and always have evident intermediates 
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between the more distinctive forms. Eventually, two characters (C1-C2) were coded 
to define head shapes, as follow. 
 
Character C1. Head prolongation (extension/projection) in front of eyes by 
length/width ratio (L/W). 
(Plate 3.1, Appendix B) 
Head prolongation L: measure laterally from anterior margin of eyes to the base of antennal 
socket (not medially between antennae sockets). 
Head prolongation W: measure distance between eyes at the anterior margin. 
 
State S0 Head prominently not prolonged in front of eyes (L/W ratio < 0.1) 
State S1 Head prolonged in front of eyes (L/W ratio ≥ 0.1) 
 
Head extension (or prolongation/projection) in front of the compound eyes is a 
prominent genus and species level diagnostic character. For most genera the head 
prolongation ratio is usually constant, and is often used as diagnostic character at the 
species (e.g. Elaphrothrips and Mecynothrips in Palmer and Mound, 1978; 
Carientothrips in Eow et al., 2014), and genus levels (Dang et al., 2014; Mound & 
Palmer, 1983b). However, head projection of the monotypic Tiarothrips is plastic 
(Plate 3.2 A) (see Ananthakrishnan, 1979). The absence of head prolongation in front 
of eyes can be readily identified by observation without exact measurements. 
However, this practice becomes ambiguous when coding for the range of diversity in 
Idolothripinae. When strict measurements were employed, many taxa that are not 
usually recognized by having head prolongation were found to be ‘prolonged’ when 
measured due to a slightly extended length in front of the eyes. In the current study 
an arbitrary cut off based on measured ratios was used, with a ratio of ≥ 0.1 coded as 
having head prolongation present (data ranged 0.1-4.8, with most taxa 0.1-0.4, and 
extremes of 3.5 for Tiarothrips and 4.8 for Hystricothrips).  
 
Character C2. Head L/W ratio  
(Plate 3.1, Appendix C) 
L: measure from base of head (neck) to the anterior margin between eyes, excluding head 
prolongation in front of eyes 
W: measured across the broadest part of head regardless of cheek margin curvature 
 
State S0 ratio 0.7-1.1 (visually short and squarish, measured wider than long) 
State S1 ratio 1.2-1.3 (visually short, measured slightly longer than wide) 
State S2 ratio 1.4-1.6 (visually longer than wide, rectangular shape) 
State S3 ratio 1.7 and above (visually elongate) 
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Head L/W ratio was an attempt to reflect the generalised 
short/medium/elongate head forms. Although the shape of head is easily identified 
by eye and has high systematics utility, it is more difficult to define for the entire 
subfamily as intermediates between distinctive forms exist, and the discrete states 
defined here are arbitrarily based on the current dataset. Head shape was found to be 
generally similar within a genus, some genera have been delimited to contain species 
with a wide range of different head shapes (e.g. short versus long head Nesothrips 
spp.) because the major MP83 characters take precedence over this character. 
Despite this inconsistency, the validity of such genera with variable head shapes has 
not previously been questioned.  
 
HEAD CHAETOTAXY 
MP83 consider head chaetotaxy of Idolothripinae to be usually quite unique by 
genera. Characters conventionally utilised include major setal pairs associated with 
the foreocellus, hindocelli, postocular region, vertex of the head, and also the 
numerous cheek setae. The setae are characterised as minute, fine, stout, well-
developed, long, slender, acute, blunt, or expanded.  
After examination, I have found that taxonomic diagnoses frequently focus on 
well-developed pairs of setae, but omit mention of the smaller pairs when present. 
This means that setal counts and the meaning of “well-developed setae” are used in a 
relative manner with definitions varying between studies of different subsets of taxa, 
and are thus ambiguous when being applied across Idolothripinae.  
It was difficult to defined homologous chaetotaxy across Idolothripinae. A 
good example is the definition of ‘postocular setae’. Species with short head often 
have a pair of distinctive postocular setae arising close behind the compound eyes 
(Plate 3.3 D–F, Plate 3.4 C, Plate 3.8 A–F), and are thus distinct from the setae on 
the dorsum of head that are called the ‘vertex setae’. Definition of postocular setae 
becomes ambiguous for taxa that have no setae closely behind the eye, especially 
when the head is longer and thus the first pair of setae behind the eye is situated more 
posteriorly on the head and often parallel with the vertex setae (Plate 3.1, Plate 3.2 
E). For these species the term ‘postocular’ in taxonomic descriptions is conveniently 
omitted and replaced with ‘two pairs of setae on the vertex’. Strictly speaking, the 
insect vertex would encompass the area starting from the hindocelli back to the neck, 
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thus the traditionally defined hind ocellar setae, postocular setae, and ‘vertex setae’, 
are all considered setae on the vertex of a thrips. However, simply counting gross 
numbers of consistent setal pairs on the vertex can lose positional information that is 
useful for distinguishing major groups. Nevertheless, I attempted to count the total 
number of setae for each of the following three head locations: foreocellar (C3), hind 
ocellar (C4), and postocular-vertex (C5), regardless of the state of setal development 
(minute, fine, or stout) as long as they are observed as a consistent pair on the species 
(i.e. not random stray setae). At present it is uncertain if each of the three head 
chaetotaxy characters defined here reflects homology, as it is possible that very fine, 
under-developed setae may have been miscounted.  
Furthermore, the hypothetical homologous setal pairs are often unrecognisable 
in individuals of reduced wings, or highly aberrant species with heavily tuberculate 
or sculptured bodies (e.g. Pelinothrips, Emprosthiothrips, Dermothrips, 
Anaglyptothrips, and Malesiathrips). The absence of ocelli in wingless individuals or 
species (Plate 3.3 A, C–E, I) also imposes difficulty in correctly identifying ocellar 
setal pairs, because the ocelli are used as orientation points for interpreting head 
chaetotaxy.  
 
Character C3. Setal pair associated with foreocellus 
State S0 absent 
State S1 one pair 
State S2 two pairs 
State S3 three pairs 
 
This character accounts setal pair associated with the foreocellus (e.g. 
foreocellus of Tiarothrips is not on its head projection, and thus the setal pairs on its 
long head projection are not counted for Character C3). The foreocellar region in 
some species can sometimes extend forward on a mounted specimen (Plate 3.3 F), 
and therefore the vertical depth, shape or length of the foreocellar setae is not able to 
be observed. 
 
Character C4. Setal pair behind hindocelli (hind ocellars) 
State S0 absent 
State S1 one 
State S2 two 
 
114  
All taxa examined had a single pair of hind ocellars, except for Nesidiothrips 
where they were absent and Campulothrips that had two pairs. Hence, this character 
was parsimony non-informative for this dataset, as variation was only found for each 
derived state in a single taxon. I have retained this character here to facilitate 
discussion for all head chaetotaxy characters in conjunction with characters C3 and 
C5. Setal pair around the ocellar region are often utilised in species-level taxonomy, 
and may have phylogenetic information that is currently not well delineated.  
 
Character C5. Combinations of development of postocular setae to vertex setae 
State S0 absence of postocular setae and two pairs of vertex setae 
State S1 one pair of postocular setae and two pairs of vertex setae 
State S2 one pair of postocular setae and one pair of vertex setae 
 
This compound character of postocular to vertex setae is necessary as both sets 
of setae cannot be defined unambiguously on its own to be coded across 
Idolothripinae exemplars. State S0 is common for members of the Idolothripini, 
while states S1 and S2 are often coded for members of the Pygothripini. Postocular 
setal pair is considered as ‘absent’ when the setae do not sit closely behind the 
compound eyes.   
 
Character C6. Setae on the cheek 
State S0 cheek smooth with no setae or only minute setae 
State S1 cheek with numerous fine to stout setae 
 
S0 was coded for species with smooth cheek, with the absence or present of 
only minute cheek setae. S1 varies from several distinctive pairs of major cheek setae 
(e.g. in some large species of Elaphrothripina and Hystricothripina) to numerous 
setae of variable sizes but without any distinctive major pairs. Distinguishing finer 
states within S1 (e.g. distinct pairs versus numerous) however was not possible due 
to continuous variation across Idolothripinae.  
 
COMPOUND EYES AND OCELLI 
Traditional taxonomic characters related to compound eyes and ocelli at the genus 
level include i) state of eye development (well-developed versus reduced eyes); ii) 
shape of eye (round, small, small on ventral side); and iii) eye prolongation on the 
ventral side (Plate 3.3 I, 3.4 A) which is believed to be associated with species using 
grass habitat (Mound & Palmer, 1983b).  
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During coding attempts, it became apparent that the definition of well-
developed versus reduced eyes used in taxonomic descriptions is ambiguous and the 
two terms alone do not distinguish the diversity of compound eyes found within the 
Idolothripinae. The study of the design of an arthropod eye appears to be complex, 
multifaceted questions, as discussed by Warrant and McIntyre:  
“the possible variations in the principle design parameters are enormous. Such design 
parameters include eye size, eye shape, retinal sampling density and construction, visual 
field size, aperture size, spectral and polarisation sensitivity, and so on. Even within one eye, 
it is not necessary that these parameters be constant, thereby giving rise to an eye which has 
regional specialisations for specific visual tasks” (pg.414, Warrant & McIntyre, 1993).  
 
In this study, we are only able to consider external eye properties that can be 
observed from mounted specimens. The approach applied is that a well-developed 
compound eye would have higher density of ommatidia which provides higher visual 
resolution, in contrast to a reduced or simple eye with fewer ommatidia. Ommatidia 
density is then reflected in how tightly the facets of the eye surface are packed, and 
also the shape of these facets (hemisphere, circular, angled), because a hexagonal 
shape can pack the most facets onto a rounded compound eye. Compound eyes in the 
Idolothripinae exhibit a wide diversity and combination of facet shapes and density.  
While examining to what extent wing-morphs are associated with compound 
eye development (shape and number of facets) in the Idolothripinae, I found that 
there may be a potentially useful distinction if we distinguish ‘truly apterous’ species 
(always wingless) versus a wingless individual in a wing polymorphic species 
(micropterae or apterae), as defined under Character C29. Wing-morph”. I have 
observed that compound eye development is genus specific, and is generally less 
plastic (in terms of shape as defined in C7) than ocelli are within a species. While the 
ocelli can be present, reduced in size or absent completely within a species, 
compound eyes are usually rather constant, and curiously some apterous species have 
unusually well-developed eyes. Hence, I propose the below distinctions in eye form 
between the two types of ‘winglessness’ as defined under C29.   
i) True apterous species have rather constant eye development within the species 
and lack ocelli. These species vary from having large well-developed eyes such as in 
Pelinothrips and Emprosthiothrips (Plate 3.3 I, 3.4 A), to having only a few loose 
facets in Minaeithrips (Plate 3.3 D) or a few tightly clumped facets in 
Anaglyptothrips (Plate 3.3 C).  
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ii) Wing polymorphic species have intraspecific variation in the development of 
compound eyes and ocelli, such as variation in the number of facets between apterae 
and macropterae individuals. Eye development is usually more extensive in 
hemimacropterae or micropterae than in the apterae in which there is a reduction in 
facet number, or if the same condition is retained as in macropterae they have smaller 
ocelli.  For example, In Ophthalmothrips miscanthicola the micropterae have large 
well-developed compound eyes and small ocelli; in Atractothrips bradleyi ocelli 
diameter did not differ between macropterous and micropterous individuals. Other 
examples of wing polymorphic species are the Carientothrips and Nesothrips as 
discussed earlier in Chapter 2. 
Flightlessness in the Idolothripinae of either truly wingless species or wing 
polymorphic species (apt., mic., hemi.) is associated with reduced in size or absence 
of the ocelli, amongst other morphologies. This phenomenon of wingless associated 
reduction in morphology is common for many insects (Edmunds, 1992). The insect 
simple eye is generally presumed to function as a motion or light detector, rather than 
forming part of the visual system (Parry, 1947), and the ocelli may have crucial role 
in flight, as suggested for the male scale insect (Gullan & Kosztarab, 1997) 
Some other visual features examined but not used as characters here include:  
i) The facets on the ventral surface of compound eyes are generally larger than those 
on the dorsal. A postulation for this observation may be that ventral vision in the 
insect is structured to let in more light (larger facets), concordant with Idolothripinae 
aggregating behaviour on piles of dead leaves or branches, where they often hide in 
crevices, and with their mouth cone directed downward on the ventral surface to 
probe and feed. Typically, there is also a distinctive ratio of eye facet size to 
hindocelli size, as measured by diameter. While it appears to be obvious in initial 
observations, the ratio of diameter of hind ocellus/facet was explored but failed to 
show discrete clusters in the Idolothripinae suitable for coding as discrete characters. 
It is therefore used here only supplementarily.  
ii) SEM imaging of Elaphrothrips and Ecacanthothrips (Phlaeothripinae) revealed 
minute setae on the juncture between facets (Plate 3.5 D). This is most likely a 
plesiomorphic condition in at least the Idolothripinae, because examination showed 
almost all species to have a few setae on the surface of the eye. These were usually 
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not observed via light microscopy, except in species with loosely packed facets 
where the setae are more prominent in the cuticle between facets.  
 
Character C7. Compound eye development and shape  
State S0 Eyes appear reduced with a few loosely packed ommatidia (usually < 10 from 
dorsal surface); facets large, bulgy, or irregularly shaped (Plate 3.3 A, D). 
State S1 Eyes appear reduced with a few tightly packed ommatidia (usually < 10 from dorsal 
surface); facets large, bulgy, or irregularly shaped (Plate 3.3 B–C). 
State S2 Eyes appear not reduced with numerous tightly packed ommatidia; facets large and 
hemispherical, mostly regular in shape (Plate 3.4 A–B). 
State S3 Eyes appear not reduced but with numerous ommatidia loosely packed with gaps 
(wing-reduced morphs may have slightly less facets but still more than ten from dorsal 
count); facets circular or slightly hemispherical (Plate 3.3 E–I). 
State S4 Eyes appear highly developed with numerous tightly packed ommatidia; facets 
circular, hemispherical or angled (Plate 3.4 C–F). 
 
This character is an attempt to code the different varieties of eye in 
Idolothripinae as observed from the exemplars studied.  
S4 includes some exemplars that represent the most developed eyes found in 
the Idolothripinae (Plate 3.1, 3.2 E, 3.4. D–E)—large sized and macropterous; 
enormous globular eyes with tightly packed, hexagonal facets, and each facet appears 
much smaller relative to the hindocelli (supplementary information: ocellus/facet 
diameter ratio ≥ 2.4, up to 4.1, Appendix D). S4 also encompasses well-developed 
eyes with the same hexagonal facet/ocellus ratio range but less globular in shape 
(Plate 3.4 C). Although the globular and less globular eyes are distinctive forms, they 
could not be defined clearly into its own states due to continuous variation. Similarly, 
initial attempt to code for facets shape as a single character (hexagonal versus other 
shape) was unsuccessful due to continuous variation.   
The opposite of S4 are reduced eyes with few ommatidia (arbitrarily < 10) that 
are irregular-shaped or hemispherical. The ommatidia appear large relatively to the 
hindocelli (supplementary information: if present, ocellus/facet diameter ratio < 2.4 
Appendix D). Two categories are coded for highly reduced eyes, differ in either the 
ommatidia being loosely packed (S0), or tightly clumped together (S1). 
Species from some subtribes in the Pygothripini tend to have relatively well-
developed compound eyes with numerous facets, but these individual facets are 
circular and loosely packed with gaps in between. After examination, I have found 
that they can be defined in its own unambiguous state, S3, as shown in Plate 3.3 E–I. 
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Differences in the development of compound eye and ocelli between that of apterous 
and macropterous individuals is exemplified in Plate 3.3 E–F. Conventionally, these 
would have been an ambiguous case, neither reduced nor well-developed. As defined 
here for S3, eyes of the macropterous form (Plate 3.3 F) appear well-developed but 
loose with gaps, while the apterous form (Plate 3.3 E) although prominently reduced 
still counted >10 ommatidia from the dorsal surface—knowing it is an individual of a 
wing polymorphic species, it would be coded as S3. Conversely, the Priesneriella 
citricauda (Plate 3.3 D), although appear like the apterous Acallurothrips in figure E, 
was counted with less than 10 facets, thus considered reduced (S0). Macropterae 
Priesneriella has only been recorded for one specimen (Mound, 2007). 
Finally, S2 is coded for taxa with eyes that appeared not reduced, facets large 
and hemispherical, and have numerous tightly packed ommatidia (Plate 3.4 A–B). 
 
Character C8. Compound eye ventral prolongation  
State S0 not prolonged 
State S1 prolonged with multiple facets margin (Plate 3.2 D, 3.3 I, 3.4 A) 
State S2 prolonged with one facet width (Figure 2.1 G-I) 
 
The margin and surface of eyes in their ventral portion are variable. Most are 
about the same as in their dorsal portion (S0). In some taxa, the ventral eye surface is 
much smaller than dorsal ones (Plate 3.3 D–E), but due to continuous variation there 
is no sensible way to categorise this variation (S1). The extensive prolonged ventral 
eye margin however is a prominent feature, being found in species of Bolothrips, 
Compsothrips, Emprosthiothrips, Holurothrips, Ophthalmothrips, and 
Carientothrips. Carientothrips are distinguished from all other genera by having a 
prolonged region with a width of only one facet (C2, also see Eow et al. (2014) for 
discussion of this distinction). 
 
Character C9. Compound eye ventral ommatidia coloured pattern 
State S0 without coloured pattern (Plate 3.5 E–H) 
State S1 with coloured pattern 
 
The compound eye ventral ommatidia of some species have coloured pattern 
(Plate 3.5E–H), which is species specific but could be variable in a genus. Structural 
details underlying this colour or pigmentation are not currently understood.  
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Character C10. Campaniform sensilla pair in ocellar region  
State S0 closer to foreocellus (Plate 3.5 A, C) 
State S1 closer to hindocelli (Plate 3.5 B) 
State S2 lateral margin of head extension (Plate 3.2 D–E) 
 
Current study found a pair of structures which appear to be campaniform 
sensilla near the ocellar region close to the eye margin in most idolothripines. The 
exception are species where the head is highly sculptured or tuberculate (e.g. 
Emprosthiothrips, Dermothrips, Pelinothrips) or too dark (e.g. Cleistothrips, 
Macrothrips) such that the structure could not be observed. S1 is largely members of 
the Idolothripina and Hystricothripina. Interestingly, Ophthalmothrips, 
Mecynothrips, and Elaphrothrips (Elaphrothripina) where the foreocellus is situated 
on a head projection have the campaniform sensilla on the lateral side of the 
extension, in contrast to other species with foreocellus is not situated on the head 
projection (e.g. Tiarothrips) which scored either S0 or S1. While there is a possibility 
to divide these states into finer categories depending on its position relative to the 
foreocellus, but impeded by continuous variation of these positions. Similar structure 
of campaniform sensilla were also found on the base of the wings, on the abdominal 
tergites including pelta, and two pairs each proximally and distally on the tube. These 
sensilla, however, are not particularly utilised in morphotaxonomy. 
 
Character C11. A pair of ommatidium-like structure on lateral margin of 
cheeks  
State S0 absent 
State S1 present (Plate 3.4 C) 
 
In addition to well-developed compound eyes and the usual three ocelli on the 
head, a pair of single ommatidium-like structures on the lateral margin of the cheeks, 
located directly behind eye, mid-point or posterior third of the eye, has been used as 
a genus-level diagnostic character (Mound & Palmer, 1983b; Mound, 1970, 1974a, 
1974b, 2007; Palmer & Mound, 1978). This pair of single ommatidium can appear 
bulged-hemispherical, or flat-circular. In the latter case it can be difficult to score due 
to its lateral position on the cheek. Whether this structure among taxa on varying 
cheek positions is homologous, is unclear. The exact function of this odd pair of 
ommatidia remains speculated without a life history observation. Presence of simple 
eyes other than those of the usual triple ocelli or in the form of stemmata (developing 
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eyes) in some insect’s nymphs, is uncommon in insects, except for reports for some 
male scale insects (Gullan & Kosztarab, 1997).  
The presence of this ommatidia-like structure on the cheek is found to be 
variable within a genus, and recorded not only in the Macrothripina (Peltariothrips 
insolitus, Diaphorothrips clavipes, Ethirothrips stenomelas, Tarassothrips akritus, 
Polytrichothrips geoffri and reference P. ?sp., New Caledonia, Celidothrips 
lawrencei, Dichaetothrips sp., and Herathrips nativus), but also in Diceratothripina 
(Phacothrips ocelloides), Elaphrothripina (Dinothrips sumatrensis, D. spinosus, 
Lamillothrips typicus) and Hystricothripina (Actinothrips retanae, Neatractothrips 
macrurus, Paractinothrips peratus, Zactinothrips elegans). All recorded instances of 
this feature were found in relatively large sized macropterous species. 
The structure in Zactinothrips elegans is a flattened circle mid-point of the 
head ventrolaterally. Scoring for Actinothrips, Neatractothrips, and Paractinothrips, 
were problematic because the putative pair of ommatidia is small, situated on the 
lateral side of the head directly behind the eye, and appear like protruded setal bases 
of broken-off stout cheek setae. However, in some specimens a small cyst-like 
transparent hemispherical structure is quite prominent and could not be ignored. The 
structure identified in Dinothrips and Lamillothrips was similar to that of the 
monotypic Herathrips, which is relatively larger and on the cheek directly behind the 
compound eye. It was illustrated in the original description of Herathrips nativus 
although not mentioned in-text (Mound, 1974a). The ommatidium pair is less 
conspicuous in Dinothrips and Lamillothrips, but examination of materials from 
Malaysia convinced me that they were present, as the margin of the structure is 
clearly visible and at least four times larger than a typical setal base in at least one 
specimens (references UKM-D14, 15, 17), although the structure is clearly absent 
from other slides (references UKM-D11, 12, 16). This variability may be a species-
level difference within the genus, similar to that between Ethirothrips and 
Celidothrips.  
 
 
 
 
 121 
MOUTHPARTS 
Although the structure and mechanisms of thrips mouthparts are seemingly well-
studied (Alvah, 1915; Chisholm & Lewis, 1984; Heming, 1978, 1993; Mound, 
1971), utilization of finer mouthpart structures in the taxonomy of the Idolothripinae 
(and perhaps in all phlaeothripids) has been limited. Descriptions of mouthpart 
characters utilised in taxonomy rarely extend beyond the description of the maxillary 
stylets’ alignment from the dorsal perspective of a mounted specimen, and the 
maxillary stylets’ internal width. Several apparent unique traits have been used to 
diagnose several taxa (e.g. presence of maxillary guides, an enlarged maxillary palp 
II terminal sensorium) but no comparative studies of mouthpart structures have been 
performed across the subfamily. The maxillary stylets are recognised as laciniae (lc.) 
by Heming (1978, 1993), but for concordance with general taxonomic usage, the 
current study will refer the structure as maxillary stylets.  
Taxonomic diagnostics utilise the observed alignment of the maxillary stylets 
when they are fully retracted into the head, which is described by shape (parallel, 
subparallel, wide-V); coupled with their retracted position (low in head, median of 
head/ eye level etc.). One of the eight primary characters in the MP83 tribal 
classification is the length of maxillary stylet with two states, ‘long’ versus ‘short’, 
but without explicit categorical definition. The given notion from in-text discussion 
in MP83 suggests long maxillary stylets is determined visually as longish and the 
retracted alignment is subparallel or parallel in shape (Plate 3.9); in contrast, short 
maxillary stylets is widely spaced, and the retracted alignment being V shaped (Plate 
3.8). While attempting to code this character across the Idolothripinae, it became 
apparent that although the extreme forms of the maxillary stylets alignment and 
position are distinctive, variation between them is continuous (c.f. series in Plate 3.2, 
3.3, 3.8, 3.9). In particular, the definition of ‘V shape’ and how it fits in the context 
of ‘long and short’ sensu MP83 became questionable.  
On one fortunate occasion, I discovered a mounted taxonomic specimen with 
the maxillary stylets fully protracted, thus allowing visualisation of the mechanism of 
stylet protraction as discussed in Heming (1978) from the perspective of a mounted 
specimen (Plate 3.6), involving the maxillary stylets, maxillary levers, and maxillary 
pillars. The maxillary pillars are immobile structure holding the maxillary levers, 
which are then attached to the maxillary stylets. A fully retracted, natural position of 
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the maxillary stylets would appear as in Plate 3.6 A. In a protracted position (Plate 
3.6 B–C), the proximal end of the lever is rotated posteriorly, and both stylets 
protract out of the mouth cone as an interlocked probing rod (Plate 3.6 C). The 
maxillary stylets interlocking system has been illustrated by Mound (1971), with an 
opening on the distal end for passage of whole spores. 
The action of the maxillary stylets and levers here is controlled by the 
protractor and retractor muscles illustrated by Heming (1987) but are not visible in 
macerated taxonomic specimens. From this observation came the idea that the 
maxillary levers, a structure previously not utilised in taxonomy, could further help 
distinguish different types of maxillary stylets previously ambiguous in definition. 
The length of the levers may be correlated with the length of the maxillary stylets, 
which determines how far the stylets could be protracted from the head capsule. For 
example, Plates 3.8–3.9 show long and V-shaped maxillary stylets associated with 
longer levers than those with shorter and V-shaped maxillary stylets; in taxa with 
parallel stylets, the levers are even longer still. To further explore the idea discussed 
above and to search for codable discrete states that depict the observed alignment of 
maxillary stylets, measurements were taken of i) the maxillary stylets, ii) the 
associated levers, and iii) the distance between the levers (Appendix E). These 
measurements were explored with scatterplots and also ratios. Ratios were calculated 
for i) maxillary stylets versus lever, and ii) each structure versus body length 
(excluding head projection if present) as a means to scale with size of the insect. This 
exercise did not find any robust discrete patterns for any of the measured parameters. 
Maxillary stylets length is weakly correlated (R=0.52) with total body length 
excluding head projection. The ratio of stylet versus lever was found to be not robust 
as it did not always reflect the intended maxillary stylets alignments of either 
narrowly spaced (parallel) versus widely spaced (V shaped). Hence, literally, ‘length 
of maxillary stylets’ sensu MP83 was a quality determined only visually for the 
generalised maxillary stylets shape (V shaped versus parallel), and not a quantifiable 
length parameter, due to high variability in each of the three parts measured here. As 
a result, we could not perceive ‘wide-V, V shaped, widely spaced’ stylets as ‘short’. 
Despite the above practice did not yield codable characters, the exercise did 
provide a different perspective for interpreting the stylets shape when the levers are 
taken into consideration. Under present circumstances, Character C12 as below 
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coded for four states, describing the alignment of fully retracted maxillary stylets 
through direct observation plus relative comparison of lengths of the stylets and 
levers—albeit subjective, appears to be more applicable than simple measurements. 
Two characters here were initially considered but later excluded. The shape of 
mouth cone was commonly mentioned in older studies (see Stannard 1957). This 
character, however, is found to be difficult to define and code across Idolothripinae, 
and often difficult to observe due to mounting positions and specimens with opaque 
head region. MP83 has suggested that this character have limited systematic value 
because it largely depends on whether the mouth cone is directed ventrally (in which 
case it is rounded) or posteriorly (when it is pointed). Furthermore, the transverse 
striae on segment II discovered in some Carientothrips species in Chapter 2 is also 
found in Anactinothrips sp. ID17 and Sporothrips amplus. However, as this character 
is difficult to observe in most specimens without using DIC contrast, or from 
specimens with opaque mouthparts, it was later discarded.  
Other features are discussed under their respective characters. 
 
Character C12. Alignment of maxillary stylets (laciniae) when fully retracted, as 
observed from dorsal view 
State S0 Stylets widely spaced and V shaped, short to medium in length, and associate with 
short levers; head usually short, if head long stylets retracted low in head (Plate 3.8 A–C, D, 
G–H) 
State S1 Stylets widely spaced and V to U shaped, longish, and usually associate with long 
levers; stylets retracted deep in head often up to eye level (Plate 3.7, 3.8 E–F, I) 
State S2 Stylets narrowly aligned (about one third of head width apart) and parallel or 
subparallel in shaped, associate with long levers; stylets retracted deep into head up to eye 
level (Plate 3.9 A–C) 
State S3 Stylets narrowly aligned (often close together in the middle) and parallel shaped, 
associate with long levers; stylets often retracted beyond eye posterior margin (Plate 3.9 D–F) 
 
Four states were coded to depict the characteristics of the maxillary stylets 
alignment when fully retracted into the head, as observed from the dorsal view of a 
mounted specimen. The character is based on a combination of descriptive qualities, 
as a compromise of otherwise its exclusion from the dataset due to the discussed 
difficulty in defining observation of the alignment of maxillary stylets quantitatively. 
S0 and S1 are variants of states corresponding with MP83 hypothesized ‘short’ 
maxillary stylets which are more widely spaced when fully retracted into the head 
(V/U shaped). Conversely, S2 and S3 are variation of states corresponding with 
MP83’s hypothesized plesiomorphic ‘long’ maxillary stylets (Figure 3.1), and that 
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are more narrowly aligned when fully retracted in head (parallel or subparallel 
shaped). 
S0 codes for short, wide V-shaped stylets that is usually found in species with 
short heads. If, however, the head is long then the stylets are not deeply retracted 
(retracted low to mid-way into head) (Plate 3.8 A–C, D, G–H). S1 coded for longer 
V-shaped maxillary stylets that appear as a long, sharp-V, may be less widely spaced 
and often deeply retracted into the head, although not always as far up as eye level 
(Plate 3.8 E, I). Sometimes, S1 could appear rather long V-shape on first impression, 
but with a more rounded U-shape, either due to the long length of stylets and slight 
compression of the slide, or the stylets are slightly curved within the head (Plate 3.3 
D–F; 3.4 C).  
In contrast, S2 coded for parallel or subparallel shaped maxillary stylets that 
are more narrowly aligned and with strongly developed long levers directed up to 
about eye level, thus forming a distinctive M-shape (Plate 3.6, 3.9 A–C). S3 is the 
variation of this form but with prominently very long parallel stylets that are close 
together medially, and is the longest form of stylets and levers found in the 
Idolothripinae (Plate 3.9 D–F).  
 
Character C13. Maxillary stylets (lc) internal width 
State S0 narrow (2-4µm) 
State S1 wide (5-15µm, the latter as the maximum width in current dataset)  
Mean width is obtained from measurements of several points along a maxillary stylet, 
avoiding the broad proximal end of the stylet where it attaches to the lever (Appendix E). 
 
Traditionally, the internal width of the maxillary stylets is reported in the range 
of 5-10µm, while most Phlaeothripinae are 2-3µm wide with some members from 
the tribes Apelaunothripini and Docessissophothripini being intermediate at 3-6µm 
(Mound & Marullo, 1996; Mound & Palmer, 1983b).  
The internal width of the maxillary stylets measured here for the Idolothripinae 
have ranged from 3µm-21µm (Appendix E). While the primary diagnostic of 
Idolothripines being the species having broad maxillary stylets, in taxonomy this 
feature is not usually not strictly measured. Measurements in the current study 
(Appendix E) found that some idolothripines had quite narrow stylets of 3-4µm wide 
(including Zeugmatothrips, Hystricothrips, Paractinothrips, Gastrothrips, 
Priesneriella, Priesneriana, Malesiathrips, Dermothrips, Emprosthiothrips). Other 
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idolothripines are considerably wider than the previously reported range: 
Macrothrips 21µm, Machatothrips 17µm, and also 14µm for Mecynothrips as by 
Tree et al. (2010). Furthermore, we must consider that when thrips structures are 
measured under high magnification they can be slightly  inconsistent, and vary 
among workers, microscopes (conventional eyepiece micrometer versus 
measurements made using computer software) and the measuring techniques used 
(measuring from shot still-images vs live microscopic view with different focal 
points; measuring different parts of the stylets). Inconsistency in measuring thrips 
structures has been demonstrated empirically, such that under a 40x objective lens in 
a regular compound microscope, it is not possible to consistently and accurately 
measure structures that are below 4-5 µm (Minaei & Mound, 2010). This is 
particularly important with respect to the definition of the Idolothripinae, as their 
putative monophyly is defined by possessing broad maxillary stylets, an attribute 
related to their spore feeding biology.  
 
Character C14. Relative length between maxillary palp segments I and II 
State S0 Segment I quadrate (L < 2x W); II significantly longer (≥ 4x of I) 
State S1 Segment I elongate (L ≥ 2x W); II longer but not significantly (≤ 1.5x of I) 
State S2 Segment I elongate (L ≥ 2x W); II significantly longer (≥ 2x of I) 
State S3 Segment I quadrate (L < 2x W); II longer and appear short (1.5-3.5x of I) 
 
Two segmented maxillary palps is a plesiomorphic condition for the 
phlaeothripids (Mound et al., 1980), in which segment I is typically short and 
quadrate in shape, and segment II is much longer (arbitrarily > 4x as long as I)  
(Mound & Palmer, 1983b). Eow et al. (2014) (research Chapter 2) found an elongate 
form of segment I, which is significantly longer than the usual quadrate form, of 
similar length or longer than segment II, and this condition was useful for diagnosing 
Carientothrips from the Nesothrips. After examination of other genera in 
Idolothripinae in this study, this elongate rectangular segment I was found not to be 
unique to Carientothrips, and further additional variable palp forms were discovered.  
The original notion in MP83 of a quadrate segment I and a much longer 
segment II is coded as S0 (Plate 3.10 B, E).  
The state found in Carientothrips of an elongate segment I is coded as S1 
(Plate 3.10 D), and is also found in Acallurothrips, Compsothrips, Paractinothrips, 
and Pelinothrips (in which the species ornatus has an impressive segment I five 
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times longer than wide). And in these S1 taxa segment II is usually equally long as 
segment I.  
Some taxa have an elongate rectangular segment I, but segment II is always 
prominently longer, and together both segments can sometimes appear exceptionally 
large—this condition is coded as S2 (Plate 3.10 A).  
S3 codes for maxillary palps that appear short and often slender, with segment 
I quadrate, and while segment II is longer than I, yet not significantly longer (Plate 
3.10 C, F).  
The lengths and widths of maxillary palp segments I and II are generally 
constant within species (useful for alpha taxonomy), and are often distinctive across 
a whole genus (e.g., Carientothrips spp. examined in Chapter 2). Yet, I have found 
variations exist in some genera, including Meiothrips between the morphologically 
very similar species menoni, annulipes, and nepalensis (e.g.: exemplar annulipes was 
coded as S1, while references menoni and nepalensis would score as S3); Idolothrips 
between species dissimilis and spectrum; and between species of Compsothrips and 
Bactrothrips.  
 
Character C15. Terminal sensorium of maxillary palp II 
State S0 appears like normal sensorial seta, not particularly enlarged (supplementary: labial 
palp II terminal sensorium not enlarged) 
State S1 enlarged and cone shaped, with appearance like a third segment palpus 
(supplementary: same condition for the labial palp II terminal sensorium) (Plate 3.10 D–E).  
State S2 appears large but prominently setal-like (additionally also same condition for the 
labial palp II terminal sensorium) 
 
Traditionally, Allothripina is being defined as subtribe with members that have 
their terminal sensorium on maxillary palp II being enlarged, which is one of the 
eight major MP83 tribal classification characters (Mound & Palmer, 1983b). 
However, the ‘enlarged’ state of sensorium is known to be not shared by all species 
in the subtribe—described as ‘enlarged as if a third segment’ in Allopisothrips, 
Allothrips, Priesneriella, Pseudocryptothrips (Mound & Palmer, 1983b), but is ‘not 
so large’ in Anallothrips (Okajima & Urushihara, 1997), and although said to be 
‘enlarged’ in Minaeithrips (Mound, 2007) it does not have the appearance of a third 
segment but instead is rather typical seta-like, based on current observation. The 
contrasting state of this enlarged sensorium has not been articulated by previous 
authors, but defining setal quality such as ‘normal sensorium’ across a diverse range 
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of taxa is essentially difficult, either qualitatively or quantitatively—MP83 described 
the non-enlarged sensorium as not differing greatly in size compared with other sub-
terminal setae and arises almost at right angles (Mound & Palmer, 1983b); Mound 
and Marullo (1996) defined the enlarged sensorium as ‘broad at base’ while for the 
non-enlarged sensorium as ‘slender at base’. In contrast, Bhatti (1992) interpreted the 
enlarged sensorium in both maxillary and labial palps as a genuine third segment of 
the palpus instead, and based on this he proposed the family ‘Allothripidae’ which 
contains Allothrips, Allopisothrips, Priesneriella and Pseudocryptothrips. But 
several authors have rejected this family for recognising the ‘third segment’ as 
merely an enlarged terminal sensorium on the maxillary palp segment II (Mound & 
Marullo, 1996; Okajima & Urushihara, 1997; Okajima, 2006).  
Based on observation of the variation of this sensorium across Idolothripinae in 
current study, the terminal sensorium found in a series of Allothrips species 
(nubilicauda, stannardi, sp. ID87) and other idolothripines, I arrived at the same 
conclusion as the majority of other authors that the maxillary and labial palps are not 
triple segmented as proposed by Bhatti (1992). 
Using Allothrips as an example (Plate 3.10 E) I have found that the appearance 
of the sensorium as being ‘enlarged as if third segment’ is mainly due to the 
maxillary palps segments I-II are being quite slender, with II tapering distally and 
directly bearing one cone-shape terminal sensorium (with a broad base, sensu Mound 
and Marullo, 1996)—I have coded this condition as S1. This state is actually quite 
commonly observed on labial palps, not only in Allothrips, but in a wide range of 
Idolothripinae species, even those with normal, setal-like terminal sensorium on 
maxillary palp II (Plate 3.1 A). Strictly speaking, S1 is found only in Allothrips, 
Pseudocryptothrips, and curiously in the non-Allothripina genera Acallurothrips 
(Plate 3.10 D) and Carientothrips (Figure 2.3), although their sensoria appear much 
shorter than Allothrips.  
For Minaeithrips and Priesneriella, I have found that while their maxillary palp 
II terminal sensorium appears distinctive, it does not conform to the definition of S1. 
Instead, the sensorium is curved as in taxa with normal, setal-like sensorium, and it 
did not directly adjoin the tip of maxillary palp II but was instead arising rather 
laterally, with surrounding sub-terminal fine setae. I coded this as S2, which is a 
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condition where the maxillary palp terminal sensorium appears to be large but is also 
prominently setal-form.  
Anallothrips and Allopisothrips were not examined here, so they cannot be 
characterised directly for this character. However, Okajima and Urushihara (1997) 
noted the terminal sensorium of Anallothrips not being particularly large, while 
Allopisothrips is traditionally diagnosed by having the terminal sensorium appearing 
like a third-segment (c.f. key couplet 65, pg.19, MP83).  
Species that do not conform with either of the two states described above are 
coded as the regular condition (S0), in which the terminal sensorium of maxillary 
palp II appear setal-like, of various lengths and shapes, and often indistinct from 
surrounding sub-terminal setae. However, I would like to acknowledge that this is a 
loosely defined state, containing a range of palp sensorial variations which cannot be 
discretised across Idolothripinae. In general, these are the ‘normal’ looking 
sensorium, but some taxa coded S0 could still appear unusual. For example, the 
maxillary palp II terminal sensorium of Herathrips is exceptionally long and slender, 
almost the length of both maxillary palp segments I-II combined (although the palps 
are rather unimpressive being short relative to the size of this very large species). 
Some sensorium condition such as those in Bactrothrips species are quite distinctive 
to the genus—two to three prominent but short, cone-shaped sensorium, arising one 
terminally and one or two sub-terminally on the maxillary palp II, while the labial 
palp II bears a single similarly-shaped sensorium terminally. Although these terminal 
sensoria appear ‘cone-shape’, the condition cannot be considered to be S1 or S2, and 
I could not find a description to define a unique state for the Bactrothrips due to 
continuous variation.  
   
Character C16. Presence of a pair of long maxillary guide 
State S0 Absent 
State S1 Present 
 
MP83 indicated that a pair of long, thickened internal structure called the 
maxillary guides, associated with the Phlaeothripinae maxillary stylets (pg.6, MP83), 
is found in the Idolothripinae only in some Pygothripina with long, subparallel or 
parallel stylets (Plate 3.9 E–F, arrow-marked), particularly the New Zealand species. 
This includes the Cleistothrips, Cryptothrips, Heptathrips, Phaulothrips, and 
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Pygothrips. Ozothrips does not have long, subparallel shaped stylets, but MP83 
described presence of maxillary guides as ‘stout’ (pg.24, MP83). Furthermore, while 
the maxillary guides in Pelinothrips is not very obvious, MP83 described them as 
present and ‘weakly indicated medially’ (pg.27, MP83). Long maxillary guides have 
also been observed in the recently described Pygothripina genus Ecacleistothrips 
(Mound, 2007), despite its original description did not mention of the structure. 
After comparative study, the maxillary guides in Pelinothrips was found to be 
a short, faintly developed, sheath-like structure parallel to the stylets on the median 
or distal part of the maxillae, similar to those found in Ozothrips, and in the 
Phlaeothripinae Haplothrips (Plate 3.11 B, also c.f. Heming 1978 illustration plate 
3). This form of maxillary guides is divergent from the condition in other 
Pygothripina with long maxillary guides. There is current evidence that for species 
where maxillary guides have not been reported, the structure is actually hidden 
behind the broad maxillary stylet, as seen in a specimen of Diceratothrips mounted 
with disproportionately protracted stylet (Plate 3.7 B). This form of ‘short’ maxillary 
guides has been observed with sufficient confidence in some non-Pygothripina 
species including the Megalothrips spinosus, Bacillothrips ?longiceps, Bactrothrips 
spp. (kranzae, aliceae, nativus), Allothrips stannardi (Plate 3.9 C), Celidothrips 
lawrencei, and even for species with short stylets like Mecynothrips acanthus. 
However, for majority of the taxa in current study I could neither ascertain if a pair 
of short maxillary guides is really absent, or is present but completely concealed 
behind the maxillary stylets. I decided to code just for the presence of long maxillary 
guide (S1).  
I suggest that a pair of maxillary guide is likely present in all idolothripines, 
but not readily visible in the majority of taxonomic specimens because Idolothripinae 
have broader maxillary stylets in contrast to phlaeothripines. With different 
microscopic focus depth, we can sometimes observe the putative maxillary guides as 
a faint line with discontinuity parallel to the stylets (Plate 3.8 F). Future study is 
needed to further investigation this character. 
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ANTENNAE 
The antennae (Plate 3.12) carry many important diagnostics for various taxonomic 
levels, including the number of sense cones on segments III–IV (Plate 3.12 A) (one 
of the eight major MP83 characters), number of antennal segments (Plate 3.12 D–K) 
(genus level character), relative length of segments III-IV (usually species level, can 
be affected by allometry such as in Tiarothrips segment III (Plate 3.12 K), and shape 
of the terminal segment (species keys). These are broadly discussed in the MP83 
classification and keys, as well as being routinely reported in taxonomic descriptions. 
One of the eight major MP83 character of sense cone shape is not coded here 
due to difficulty in defining discrete states. Apart from the usual slender, pointed 
sense cones (Plate 3.12 A), shape of sense cones is variable from greatly elongate, 
stout, short, strongly curved, to minute, etc.—these setal quality sometimes have 
taxonomic utility but in reality have never been compared across Idolothripinae.  
 
Character C17. Antennal segmentation 
State S0 antennae 8-segmented; each segments distinctively differentiated (Plate 3.12 I–K)  
State S1 antennae less than 8-segments; suture in between the joined terminal segments 
absent (segments completely fused), or present and incomplete (partially fused), or present 
and complete but the joined terminal segments appear lanceolate in shape as a whole (Plate 
3.12 D–H) 
 
While the plesiomorphic antennal condition for the Phlaeothripidae is 
hypothesized as eight segmented as found in majority of phlaeothripids (Mound et 
al., 1980), species that are considered by MP83 as the least advanced or putatively 
basal group of Idolothripinae (i.e. Allothripina and Pygothripina) often have reduced 
number of antennal segments. It is worth noting that reduction in total antennal 
segments also occurs in some phlaeothripines as reported by Stannard (1957).  
I have attempted but unsuccessful in coding for the variation in shape of 
terminal segments, due to continuous variation, despite the description of these 
shapes are often useful generic diagnostics (cone shaped/ cone constricted at the 
base/ lanceolate with a short pedicel/ elongate/ rod shape etc.). Therefore, only two 
states are defined for antennal segmentation, those taxa with clearly eight segmented 
antennae versus taxa which have two or more terminal segments fused into one 
lanceolate-shape segment (Plate 3.12 D–H), with either no suture, a partial, or a 
complete suture between the terminal segments.  
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Character C18. No. of sense cones on antenna III 
State S0 none 
State S1 one 
State S2 two 
State S3 three or more 
 
Most taxa have two sense cones on antennal segment III (c.f. discussion in 
C19). I have found that sense cones on III could sometimes be difficult to recognise 
in some species—no sensoria were observed on III for Priesneriella, Minaeithrips 
and Haplothrips, while only a single sensorium was found in Emprosthiothrips, 
Loyolaia, and Compsothrips. This series of taxa observed with zero or one sense 
cone have been recorded in taxonomic publications as being variable between 
congeneric members, with between one and two sensoria on III: e.g. Priesneriella 
with 0/1/2 in the genus notes of Mound & Palmer (1983b); and 1/2 in 
Emprosthiothrips (Mound & Walker, 1986).  
 
Character C19. No. of sense cones on antenna IV  
State S0 two 
State S1 three 
State S2 four 
State S3 five 
 
The number of sense cones on IV is generally a genus diagnostic character but 
can be variable in some genera. MP83 suggested that the plesiomorphic number of 
sensoria in idolothripines on antennal segments III-IV is a combination of 2-2 
because this is the condition found in the perceived ‘basal’ group of Pygothripina and 
Allothripina; while most idolothripines have duplicated number of sensoria on IV of 
a 2-4 pattern; and a 2-3 pattern is purportedly a reduction that has evolved more than 
once in Idolothripinae. The condition of five sense cones is only found in 
Macrothrips, Ethirothrips stenomelas, and Diaphorothrips in the current study.  
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Thoracic Segments and Associated Structures (C20–C32) 
Thoracic structures (Plate 3.13) and definitions for tubuliferans have been illustrated 
in detail previously by (Bhatti, 1988, 1998c). Thoracic structures display 
intraspecific variation, and is often affected by sexual dimorphism and winglessness 
(Mound & Palmer, 1983b). Firstly, males often possess sexual dimorphic armatures, 
including stout spines on the corner of the pronotum, tubercles on the posterior 
margin of the metanotum (Plate 3.15 J), enlarged/extended sclerites surrounding the 
mesothoracic spiracles (Plate 3.14 B), and/or many more unique structures. Many 
such sexually dimorphic structures are important taxonomic characters, but 
individuals lacking these structures, such as minor males and females, are less 
readily diagnosable to species. Secondly, the size of the pterothorax is often smaller 
in wingless individuals. This is not unusual since wing related musculature is 
presumably different in flightless individuals (Edmunds, 1992). However, wingless 
males of wing polymorphic species are often also major males and thus have bulkier 
pronotum and larger forelegs. Yet, when a large series of conspecific specimens were 
available for study (c.f. Chapter 2), this deduction (of wingless male equals major 
male) was not supported, as macropterous males observed were not necessarily 
minor males, and vice versa. The association between wing polymorphism and the 
development of major and minor males is thus yet to be fully understood, as is why 
wing polymorphic female individuals do not also show this pattern of structural 
variation. One experimental study by Crespi (1988) on a mycophagous phlaeothripid 
Hoplothrips demonstrated that food deprivation in the final (second) instar stage of 
the wing polymorphic Hoplothrips resulted in winged males. The wingless males 
possessed a relatively larger prothorax and forefemora than winged males, and were 
demonstrated to have an advantage over equal-sized winged males in winning fights 
and securing dominance in oviposition sites. 
Thoracic characters that have suprageneric taxonomic utility include thoracic 
dorsal and ventral sclerites (Plate 3.15 A, 3.16) and the development of thoracic 
sutures (Plate 3.17, 3.18) (Mound & Palmer, 1983b). Members of the Pygothripina 
and Allothripina have a tendency for eroded thoracic sclerites (appear reduced with 
irregular margins), and sometimes a sclerite may be completely absent (Plate 3.15 A, 
3.16 D–F). For thoracic ventral sclerites, three thoracic sclerites are commonly used 
in phlaeothripid taxonomy, the basantra, ferna, and mesopraesternum. Alternative 
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names for these include ‘praepectus/ praepectal plates’ for basantra; ‘probasisternum/ 
probasisternal plates’ for ferna; and for mesopraesternum, Bhatti (1988) and Okajima 
(2006) used the spelling ‘mesopresternum’.  
The majority of species examined had five pairs of major pronotal setae 
(anteroangulars, anteromarginals, midlaterals, posteroangulars and epimerals) and a 
pair of major mesonotal median setae, except some species where the homologous 
states of these setae were not identified due to highly sculptured or tuberculate 
bodies. Some species possess two pairs of epimeral setae, which is used as species 
level diagnostic (e.g. c.f. key couplet 4 for Dinothrips in Palmer and Mound (1978)). 
Development of thoracic major setae (conventionally described as well-
developed/small/minute etc.) is often used in species diagnoses as they are found to 
be species specific, but may be sexually dimorphic and not necessarily longer in 
males. I have found these setae qualities arbitrary and only useful when compared 
relatively within a subset of closely related species. They could not be defined and 
unambiguously coded across higher taxonomic levels. As a result, thoracic 
chaetotaxy is not defined and coded in this study. Furthermore, the prothoracic 
notopleural sutures (Plate 3.13), which is also called epimeral sutures sensu Bhatti 
1992, are known to be highly variable in a genus and is a species level character. 
This is also not coded here.  
The fore leg of Idolothripinae exhibits great structural plasticity associated with 
sexual dimorphism and male allometry (Plate 3.19). The generalised forefemur shape 
is typically a genus-species diagnostic character, being either bulbous (Plate 3.19 A, 
D–E) or slender with a recurved hook (Plate 3.19 B) as in Meiothrips, Bactrothrips, 
Holurothrips, Actinothrips etc. More detailed fore leg shapes cannot be defined and 
coded across Idolothripinae, with continuous variation evident between distinct 
forms (e.g. for species in Plate 3.19 F–G, the femur appears ‘small and bulbous but 
not slender’). The bulbous type is subject to strong allometric growth pattern effect, 
and is more swollen in major males (Plate 3.22 A), while the slender type tends to 
maintain its generic shape across morphs. Furthermore, tubercles of various shapes 
are found on different parts of the forefemur, for example, a tubercle on the inner 
margin of forefemur of male Mecynothrips acanthus (Plate 3.19 D), versus tubercles 
on the forefemur of a Macrothrips, or in the rare case of Machatothrips where it is 
the females who have species specific pattern of forefemoral tubercles that are absent 
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in males (although males have a larger foretarsal tooth). Whether these tubercles on 
the forefemur in various taxa are homologous can only be a conjecture. It is difficult 
to define and code the tubercles in different taxa as they are apparently derived and 
unique to a given genus or species, and are thus uninformative autapomorphies.  
Other characters defined for thoracic segments are discussed below under their 
respective categories. 
 
Character C20. Basantra 
State S0 absent 
State S1 present 
 
The basantra and ferna are each the anterior pair and the posterior pair of 
pronotal sternite in the phlaeothripids (Bhatti, 1998a). Continuous variation in the 
basantra is found in other subtribes, from a strong sclerite with slightly irregular 
eroded margin, to strongly eroded, or even absent. There is no sensible justification 
as to where to draw the line between ‘well-developed’ versus ‘very reduced’ because 
the shape of the basantra is also variable. Therefore I decided to code for presence or 
absence. Likewise, the ferna has the same continuous variation between well-
developed and eroded margins, but is always present and thus was discarded from 
the character list as a non-informative character. In the Hystricothripina the basantra 
is usually completely absent, but a reduced form of this small sclerite with setae is 
found in Neatractothrips and Paractinothrips, whereas it is well-developed in 
Holurothrips. The state S1 coded for presence of basantra, includes all forms of 
basantra development from well-developed, to slightly eroded margin, to heavily 
reduced. 
 
Character C21. Spina 
State S0 absent 
State S1 present 
 
The spina (Plate 3.16) is an internal sclerotized structure anterior to the 
mesopraesternum and associated with the prospinasternum in phlaeothripids, as 
illustrated by Bhatti (1998a). Spina is often absent along with prospinasternum when 
the mesopraesternum is heavily eroded or absent (see C25). The spina is absent in 
Atractothrips, Heptathrips, and Minaeithrips which all also lack the basantra; absent 
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in Priesneriella, Allothrips, and Acallurothrips, that have a significantly eroded 
basantra; and absent in the apparently aberrant species Emprosthiothrips and 
Compsothrips even though these species have strongly developed basantra. 
 
Character C22. Proventriculus  
State S0 absent 
State S1 present (observed from around prothoracic or metathoracic region) 
 
The proventriculus (Plate 3.11 A) is an internal structure visible in mounted 
slides around the prothoracic or metathoracic area, as part of the digestive track that 
purportedly function as a spore-grinding apparatus (Heming, 1993). Proventriculus is 
affirmatively present in five genera of the Elaphrothripina the (Dinothrips, 
Elaphrothrips, Ophthalmothrips, Tiarothrips, and Mecynothrips) (Tree et al., 2010). 
There is a concern that we could not ascertain if it is alternatively absent from 
species where it is not observed (i.e. it could have disintegrate after maceration or not 
observable due to the species small size). Yet, it does not appear to be related to size, 
as large species in Macrothripina have never been observed with a proventriculus. 
The present study examined several genera of Elaphrothripina that lack a 
proventriculus including Anactinothrips, Lamillothrips, Hartwigia, Malesiathrips, 
and Dermothrips, suggesting they are not part of the Elaphrothripina lineage that 
possess the structure. 
 
Character C23. Male forefemur coxa surface with ridges or files 
State S0 absent 
State S1 present 
 
A structure found in males of Anactinothrips, Sporothrips and Diceratothrips 
is a neatly ridged surface on the coxa (Plate 3.20) facing a sharp-angled or flattened 
posterior end of a usually enlarged forefemur. This structure is argued to be either a 
stridulating (sound-producing) mechanism (Mound & Palmer, 1983b), or an 
interlocking device for the front legs used during male combat bouts (Mound & 
Marullo, 1996). The current study did not find other species that possessed a similar 
large flattened posterior angle of the forefemur also possessing a ridged fore coxa 
surface, thus the two conditions are not considered to be positively correlated. 
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Character C24. Foretarsal tooth 
State S0 Absent in male and female 
State S1 Present in male and female 
State S2 Present in male only 
 
The foretarsal tooth is usually sexually dimorphic in Idolothripinae, being 
present in males, in which its size exhibits allometry differences, and being absent in 
females. Species in some genera however have a foretarsal tooth in both sexes, while 
others lack it in both genders (Plate 3.19 B, F). This character may be 
phylogenetically informative, because the sexually dimorphic pattern is species 
specific and generally fairly consistent between congeneric members. However, this 
character may be variable in some genera such as Nesothrips, which may indicate 
heterogeneous assemblages of the taxon. 
 
Character C25. Shape of mesopraesternum  
State S0 a well-defined boat shape, may include slightly irregular margin (Plate 3.16 A–B) 
State S1 heavily eroded boat-shape, or completely absent 
State S2 appears boat shape but is incompletely separated from the mesosternum (partial 
suture) 
 
Mesopraesternum is a transverse sclerite anterior to the margin of mesothoracic 
sternum, commonly boat-shape, but sometimes heavily eroded (Plate 3.16 D, F) or 
even absent (Plate 3.16 C, E), as coded for S1. Only in two taxa Paractinothrips and 
Neatractothrips the mesopraesternum is incompletely defined or separated from the 
mesothoracic sternite (mesosternum), as coded for S2. Mesopraesternum may be 
variable in some genera (e.g. in Bactrothrips spp. it ranges from completely boat-
shape to having a slightly eroded anterior margin).  
 
Character C26. Shape of metapleuron  
State S0 normal (Plate 3.17 D–F) 
State S1 swollen (Plate 3.17 A–C) 
 
The metapleuron (Plate 3.13, 3.17) is swollen with a roundish shape of varying 
degree in all Hystricothripina examined except for Holurothrips, in some 
Idolothripina including Idolothrips, Meiothrips, Bactrothrips idolomorphus (but not 
nativus or aliceae), and Megalothrips spinosus, and in the Diceratothripina 
(Campulothrips). 
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Character C27. Metathoracic sternopleural sutures  
State S0 present (Plate 3.18 A–B) 
State S1 absent 
State S2 ambiguous due to eroded sclerite (Plate 3.18 C–D) 
 
Metathoracic sternopleural suture (Plate 3.18) originates from the mid-coxal 
cavities and curve posteriorly on each sides of the metathoracic sternite, is one of the 
major MP83 characters. The presence of this pair of sutures is argued to be a 
plesiomorphy in idolothripines (pg.21, MP83), and is absent from the purportedly 
more advanced groups Idolothripini and Macrothripina. When present, the suture is 
variable in position and length, and either prominent or slender. This character is 
constant within species and at the subtribal level, but occasionally there are species 
members in a taxon being exception to the others. For example, metathoracic 
sternopleural sutures is usually present in Nesothrips, but with the exception of 
species oahuensis and badius. This suggests the possibility that this genus is not 
monophyletic. Several species of Allothripina (Priesneriella, Minaeithrips, and 
Allothrips) and Pygothripina (Heptathrips, Pygothrips) have heavily eroded ventral 
sclerites (Plate 3.18 C–D) which is thus coded as a separated state (because the 
presence of the sutures cannot be ascertained). 
 
Character C28. Metathoracic anapleural sutures 
State S0 complete (Plate 3.17 E–F) 
State S1 incomplete (Plate 3.17 A–D) 
 
The metathoracic anapleural sutures (or anespisternal sutures, as in MP83), is 
the suture between the katepisternum and anepisternum. The degree of development 
of the metathoracic anapleural suture is a genus or suprageneric level diagnostic 
character. A completely developed anapleural suture is suggested to be the 
plesiomorphic condition in Idolothripinae (pg.21, MP83), and is exhibited by 
majority of the Idolothripinae except being incompletely developed in the 
Idolothripina and Hystricothripina. Curiously, two genera in the Elaphrothripina, 
Hartwigia and Anactinothrips, have long but incomplete anapleural sutures. In some 
species, another suture called the infra-anapleural suture (Bhatti, 1988) can often be 
observed but not to be mistaken for the anapleural suture (Plate 3.17 A, D). This 
infra-anapleural suture is not coded here as the lateral position makes it difficult to 
study.  
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WINGS  
One of the diagnostic features of thrips are their slender, silvery wings that possess 
hairy fringes around the margin (Plate 3.22–25), although the fundamental wing 
structure and possibly also flight mechanisms are essentially different between the 
two suborders Terebrantia and Tubulifera (Grimaldi & Engel, 2005; Mound et al., 
1980; Mound, 2005).  
Wings of Idolothripinae are generally clear without strong colour patterns and 
only slightly tinted with a different wash of light brown. Note that the median 
elongate brown stripe, which is present in most species, will be discussed separately 
in C32. Occasionally, some species have largely brownish wing surfaces (Plate 3.24 
C, 3.25), while others are essentially clear (Plate 3.24 A, as the specimen appears 
dark thus the clear wings is not an effect of maceration). Broad, pale wings with a 
less prominent median stripe are common in the tribe Pygothripini other than the 
Macrothripina.  
Wing reduction or absence of wings are associated with phenotypic plasticity 
of many body parts resulting in reduced or aberrant forms from the usual typified 
phlaeothripids (see earlier discussions of eye and thoracic characters that covary with 
winglessness). Not all Idolothripinae are wing polymorphic species, and not all 
wingless individuals are wing polymorphic species. Hence, there may be benefit in 
systematics to attempt to delineate different types of winglessness (C29), which may 
be related to different evolutionary selection pathways for the trait (e.g. different 
microhabitats or behaviours). 
Four wing characters were defined here under their respective sections. Two 
characters examined but not coded are as follows:  
After examining the wing base, it was found that there are four wing basal 
setae (Plate 3.21 A) arranged on the wing proximally to distally, S1 is minute and 
accompanied by a single nearby campaniform sensillum, S2–S4 are three large basal 
setae that have been reported commonly in previous taxonomic descriptions as S1-S3 
(see Okajima, 2006). The presence of 4 wing basal setae and the single campaniform 
sensilla appears to be consistent across the Idolothripinae although they cannot be 
easily observed from smaller species. 
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Forewing duplicated cilia (Plate 3.22 B) is one of the characters included in 
MP83’s tribal key, however, it is also a species level diagnostic due to its known 
variability between closely related species in a genus (e.g., see key to Mecynothrips 
in Palmer and Mound, 1978).  
 
Character C29. Wing-morph 
State S0 true apterous (mic. hemi. or mac. individuals never collected) 
State S1 always macropterous (species always have full wings) 
State S2 wing polymorphic (species contains individuals of mic., hemi., or mac.) 
 
As discussed under ‘Compound Eyes and Ocelli’, I have attempted to 
distinguished between true wingless versus wingless variants of a wing polymorphic 
species. This was done by examining the wing sockets on mesonotum of wingless 
taxa and for presence of wing buds or reduced wings. Micropterous morph of wing 
polymorphic species can be identified by observing a small membraneous wing with 
a few forewing sub-basal setae (but Nesothrips badius is an exception, see discussion 
below for true apterous).  
True apterous species (S0) are rare, and can be identified by their invariable 
eye form between conspecific individuals and that winged form has never been 
collected. These are majority members of the Allothripina (Allothrips, Minaeithrips, 
Faureothrips), Compsothripina (Compsothrips, Anaglyptothrips), and some 
Pygothripina (Pelinothrips, Emprosthiothrips). Some ambiguity exists for this 
category is when a particular genus contains species with variable wing states, but is 
represented in the study by the chosen exemplar which appeared to be always 
apterous. For instance, Malesiathrips australis of the Elaphrothripina (Plate 3.4 B) 
was determined to be a true wingless because a winged form has never been 
collected, based on available materials and also literature record, but its congeneric 
species members (solomoni, guamensis, including the type species malayensis) are 
known only from macropterous individuals (Mound, 1970; Palmer & Mound, 1978). 
In the case of Nesothrips badius, winged individuals are never collected, and wing 
lobe present but only observed with difficulty (less than 40 microns), its compound 
eye well developed, and was considered to be effectively wingless according to Eow 
et al. (2014). 
In contrast, wing polymorphic species (S2) are primarily exhibited by members 
of the tribe Pygothripini, except the subtribe Macrothripina which has only two wing 
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polymorphic representatives (Celidothrips and Polytrichothrips) out of the twelve 
represented genera. In contrast, members of tribe Idolothripini are typically 
macropterous but there are exceptions, which include members of the 
Elaphrothripina (Hartwigia, Ophthalmothrips, Dermothrips, Malesiathrips), 
Idolothripina (Bacillothrips, Megathrips, Megalothrips), and in the Hystricothripina 
(Zeugmatothrips, Hystricothrips, Atractothrips).  
At present, the distinction between true aptery versus wing polymorphism is 
only a conjecture but a step forward to identifying homologies for the wing and 
compound eye characters. The morphological distinctions identified here for both 
characters related to the defined true wingless and wing polymorphic species appear 
to be viable for morphotaxonomy and worth continual pursue and reporting in 
morphotaxonomy. Underlying biology supporting the hypothesis of current 
distinction may require developmental study (e.g. Crespi, 1988; Roff, 1986; Zera, 
2003). 
Lastly, MP83 mentioned:  
“Idolothripines show less variation in wing length than phlaeothripines; micropterae are rare 
and hemimacropterae unrecorded, most species being macropterous and/or apterous” 
(Mound & Palmer, 1983b) 
 
The second half of this statement is not supported by observations in the present 
study, because micropterae and hemimacropterae are more common than previously 
thought. Nearly half of all the chosen exemplar genera are wing polymorphic 
species, with micropterae more commonly encountered than apterae or 
hemimacropterae. 
 
Character C30. Forewing breadth near tip (broadest)  
State S0 medium to broad (ratio of W: forewing/ hind tibia ≥ 2.0) 
State S1 prominently narrow (ratio of W: forewing/ hind tibia ˂ 2.0) 
 
Examination across Idolothripinae shows that there are species with prominent 
very broad or very narrow wings. Wings are unusually narrow in species of 
Hystricothripina (Plate 3.23 B), sometimes only as wide as the width of hind tibia. In 
other subtribes, some species have unusually broad wings and relatively shorter wing 
fringe (Plate 3.24 C). Character C30 is primarily defined to code for taxa with 
prominently narrow wing breadth (S1), based on eye observation of wing breadth 
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supplemented by the ratio of width of forewing/hind tibia. Hind tibia width was 
chosen to scale body size because it is conveniently found next to the wing tip 
allowing for easy microscopic examination, and that it is less affected by prominent 
sexually dimorphic traits than other body parts. The width ratio of forewing to hind 
tibia did not have very robust discrete clusters, and the category defined here are only 
supplementary and may be useful only for current taxa selection.  
 
Character C31. Forewing ventral wing spur 
State S0 absent 
State S1 present 
 
Bhatti (1991) observed the presence of a spur on the ventral side of the 
forewing (Plate 3.21 B–C) in some Idolothripinae members (Elaphrothrips, 
Diceratothrips, Dichaetothrips, Ethirothrips, Machatothrips, Mecynothrips, 
Megalothrips, Neosmerinthothrips, Nesothrips), which presumably functions as a 
wing-locking structure.  
Here I found that the spur (sometimes two spurs) is absent in the 
Hystricothripina and the Idolothripina species examined in the study, except for: 
Actinothrips, Hystricothrips, Bactrothrips nativus and B. kranzae (present in B. 
idolomorphus). Wing spur is also absent from assorted individual taxa from other 
subtribes, including the outgroup Haplothrips, the Diceratothripina Carientothrips, 
Acallurothrips, Phacothrips, the Pygothripina Pygothrips and Allothripina 
Priesneriella. In this last set of taxa (i.e. non-Hystricothripina, non-Idolothripina), 
whether the spur is only invisible due to the very small body size of these species or 
if it is genuinely absent, is unclear (e.g., in Pygothrips the spur is observed in some 
species but not others).  
 
Character C32. Pattern of wing median stripe as observed from mounted 
specimens  
State S0 wing median stripe about two-thirds of full wing length or shorter, and does not 
extend to near distal tip (Plate 3.22, 3.23 A & C, 3.24, 3.25) 
State S1 wing median stripe long and extend till near distal tip (Plate 3.23 B) 
State S2 wing median stripe not observed 
 
One longitudinal stripe of pale, light brown or dark shading is often found 
along the median of the wing in idolothripines (sometimes vaguely two stripes, Plate 
3.25 A). On the forewing, this stripe usually extends from the wing base to 
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approximately two thirds of the wing length (Plate 3.22, 3.23 A & C, 3.24, 3.25), but 
extends almost to the wing tip in majority species of the Hystricothripina (Plate 3.23 
B). The pattern or length of this stripe is species specific and is usually genus-
distinctive (e.g. MP83 key couplet 24), but this character is not commonly utilised in 
thrips taxonomy perhaps due to vague understanding of the underlying structures to 
the observation. Some earlier publications have described this as a wing vein: 
“Wings very slender, with dark median vein extending nearly to tip in both pairs” in 
Hood’s (1938) description of Atractothrips bradleyi, which is incorrect. Wing veins 
are present in fossil phlaeothripids (Nel, Penalver, Azar, Hodebert, & Nel, 2010), but 
considered to be absent from all extant phlaeothripids (Grimaldi & Engel, 2005; 
Mound et al., 1980; Nel et al., 2012, 2010). 
Character C32 is an attempt to code for the pattern of the forewing median 
stripe, as supported by the following discussion. Bhatti (1991) examined 
phlaeothripids wing surface structure using reflective light on wings with only one 
surface attached to the mounting medium Canada balsam (a fixing technique he 
called exposed-surface preparation), in representatives of seven phlaeothripid genera 
including two idolothripines (Elaphrothrips and Neosmerinthothrips). Bhatti’s 
(1991) study revealed secondary wing surface pattern in the otherwise seemingly 
smooth wing surface of tubuliferans, in the form of ridge, trough, fluting, dents or 
reticulation (Plate 3.27 A). While this wing surface structural pattern described by 
Bhatti (1991) cannot be studied from conventional fully immerse-mounted 
specimens, it provides explanation to a few wing features commonly observed from 
taxonomic specimens. I have produced Plate 3.22 of aligned wing images of i) 
Bhatti’s (1991) illustration of wing surface details in Elaphrothrips greeni, ii) SEM 
image of the wing of Elaphrothrips denticollis, and iii) conventional fully immerse-
mounted taxonomic specimens of Elaphrothrips bakeri. One secondary structure of 
interest is the median bulge (MB) on both fore- and hindwings and presumably fit 
together as a wing docking lock, which according to Bhatti (1991) is more prominent 
in the Phlaeothripinae than in the Idolothripinae. I interpret the wing median stripe 
that we commonly observed from taxonomic slides as structural shadow or dent that 
perhaps with deposited pigment, along the proximal median trough 1 (TD1, shaded 
brown), from just below the dorsal ridge 1 (RD1 or the lacuna bulge) and ending at 
the median bulge (MB). When specimen appears to have two wing stripes (Plate 3.25 
 143 
A) the anterior stripe appears to be along dorsal trough 3 (TD3 or the anterior median 
trough).  
 
Abdominal Segment I–X and Associated Structures (C33–C41) 
The plesiomorphic number of abdominal segments for the Phlaeothripidae is ten. 
This section provide introduction and discussed some characters collectively where it 
was necessary but most are discussed under individual character and states 
definition. 
The last abdominal segment X is tubular in shape (Plate 3.30–3.31), and is 
referred to as the ‘tube’ in all taxonomic publications and the primary defining 
character for the Tubulifera. The tube contains several highly utilised characters at 
various taxonomic levels. The tube is diverse in length (extremely long, versus short, 
with intermediate states difficult to categorise), in shape (greatly swollen versus 
straight margin), and in surface setae (with tubercles, stout or fine setae, or bald). 
Abdominal tergites II–VIII are regularly transverse. These tergites bear wing 
retaining setae (WRS), median setae, lateral tergal setae, usually one to two pairs of 
campaniform sensilla, and in some species modified lateral tergals and long horn-like 
tubercles.  
A major undertaking in the current study was to investigate the tergal 
chaetotaxy due to difficulties with identifying WRS in wingless species (Plate 3.26–
3.28). The chaetotaxy of the WRS and other tergal lateral setae exhibit gradual 
change in size and shape, usually diminishing when descending down the tergites 
(i.e. from curved and stout becoming straight and fine). I have determined that for the 
purpose of comparative study across the Idolothripinae, it is best practice to utilize 
the chaetotaxy pattern of tergites III-IV (V if needed). There appeared to be 
diagnostic chaetotaxy patterns unique to subtribes (see Characters 36-37). Some 
distinctively have WRS with the lateral tergal setae tightly arranged on the lateral 
margin of the tergite (Plate 3.26), others have these setae spread out in a parallel 
(Plate 3.28) or non-parallel (Plate 3.27 B–E) row. These three variants of lateral 
tergal setae placements, plus the position of tergal WRS (closer to the median, or 
closer to the lateral margin of the tergite), are stable characters within species or even 
for suprageneric groups. Current study attempted to code tergal chaetotaxy as three 
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characters (C35–C37). Summary of putatively plesiomorphic conditions in 
Idolothripinae tergal chaetotaxy, as examined from tergites III-IV (Plate 3.26–3.29):  
• a median setal pair (m.) closer to anterior of tergite, often with a nearby pair of 
tergal campaniform sensilla;  
• below the median pair towards the lateral side of abdominal segments, the WRS 
(based on the most posterior pair) is next to the large lateral tergal setae S1;  
• the total number of lateral tergal setae ranges from two (Plate 3.26 C), to four 
(S1- S4). S1 is large, and sometimes mistaken as a ‘straight WRS’, S2-S4 are 
variable—the last pair is sometimes small and sometimes located on the 
membrane or the neighbour sclerite, thus the total count of lateral tergals could 
differ between tergites. As a result this was not coded due to ambiguities. 
 
Character C33. Shape of abdominal tergite I (pelta) 
State S0 pelta transverse and broad 
State S1 pelta with median lobe and lateral wings 
State S2 pelta with median lobe only 
State S3 pelta heavily eroded 
 
Abdominal tergite I is reduced to a median sclerite called the pelta (Plate 3.15), 
which, unlike other tergite segments, never associates with the lateral spiracles. One 
exception to the reduction to a pelta is Allidothrips (not included in the current study) 
that has a regular transverse sclerite (Mound & Palmer, 1983b). The pelta shape is 
usually quite distinctive as a genus-level character, but is difficult to categorize 
across the Idolothripinae, being a qualitative character that has continuous variation. 
Pelta is often a broad median lobe with broad wings (Plate 3.15 C–D), but can also 
be a tall median lobe with narrow wings (Plate 3.15 I–L), a dome-like median lobe 
with narrow wings (Plate3.15 F–H), dome shaped median lobe without wings, a 
sharp triangle, and some other odd shapes such as having a concave posterior margin 
(Plate 3.15 E). In taxonomic descriptions, the pelta is often described as hat/tall hat 
shaped with broad or narrow lateral wings. I have found the ‘hat’ shapes are only 
useful when relative to the subsets of taxa being compared in a study. The pelta 
varies very little within species, but is sometimes slightly different in wingless 
individuals of wing polymorphic species, but such variation is insignificant in higher 
level comparisons.  
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Character C34. Presence of pair of campaniform sensilla on pelta 
State S0 Present (sometimes asymmetrical with only one sensillum) 
State S1 Absent 
 
Sometimes, the presence of minute setae and/or a pair of campaniform sensilla 
(sometimes asymmetrical with only one sensillum) can be found on the pelta. One or 
more similar sensilla pair is also present on other abdominal tergites, including one 
pair each on the proximal and distal of tube (also see notes under C10). 
 
Character C35. Number of pairs of WRS on tergite III-V 
State S0 one pair 
State S1 two pairs 
State S2 three or more pairs 
 
The number of pairs of tergal WRS can be considered as the primary character 
in MP83 classification—the hypothesized plesiomorphic condition is one pair (Plate 
3.26 B, 3.27, 3.28) as in tribe Pygothripini, which developed into two pairs in the 
tribe Idolothripini with some members possessing three or more. The WRS are 
usually curved or sigmoid, but are sometimes straight or highly derived leaf-shaped 
setae such as those in Paractinothrips. In wingless species, the WRS may be reduced 
from curved to straight, and become minute or absent (Plate 3.28). In the case of 
highly reduced setae, their homology can be ambiguous unless a winged conspecific 
is available for comparison.  
I consider that the homologous WRS (minute or stout and strongly curved) 
across Idolothripinae is always located directly beside or next to the large lateral 
tergal seta S1 (as labelled in Plate 3.26–Plate 3.27). One approach to distinguish the 
WRS is to first identify the median setae and S1, then look for a pair of setae next to 
S1 and observe how variable its location is on the more posterior tergites—WRS 
often change in shape or length when descending the abdominal tergite distally 
(specific example here is, WRS are strongly curved on tergite II-V, less curved on 
VI-VII, and straight on VIII), while lateral tergal setae are usually consistent in shape 
through the tergites. Winged species are the best option for such comparisons, while 
for true apterous species such as Emprosthiothrips, or Compsothrips, the WRS 
cannot be distinguished. 
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Character C36. Position of WRS on tergite III–IV 
State S0 WRS arranged tightly at lateral corner of tergite III-IV along with other lateral 
tergal setae (Plate 3.26) 
State S1 WRS arranged intermediately, not too laterally like S0 nor too median like S2 
(Plate 3.27) 
State S2 WRS aligned medially on tergite III-IV (Plate 3.29 A) 
 
Character C37. Lateral tergal setae (S1-S3/4) alignment patterns on tergites III-
IV 
State S0 lateral tergal setae spread out in non-parallel alignment (Plate 3.27 B–E) 
State S1 tergal setae spread out in parallel alignments on the tergite (Plate 3.28) 
State S2 tergal setae aligned tightly at the lateral corner on the tergites (Plate 3.26, 3.27 A) 
 
Character C38. Abdominal segments lateral specialised structures 
State S0 drepanae present in male (Plate 3.29 C–D) 
State S1 modified setae on tubercles in male 
State S2 lateral tergals mounted on tubercles in both sexes (Plate 3.29 A) 
State S3 no specialised abdominal armature or modified setae 
 
A drepana (S0) is a long, horn-like tubercle found on the lateral tergites V-VIII 
of some male Idolothripina, usually with one or two smaller tubercles on consecutive 
tergites (Plate 3.29 C–D) and is found in Bactrothrips, Bacillothrips, Megalothrips, 
and Megathrips. Several variations of a structure at the tip of the drepanae, 
presumably a sensorium or a campaniform sensilla have also been observed—some 
taxa have a globular shaped version (e.g. Bactrothrips idolothripoides Plate 3.29 C 
enlarged), others with similar round structure but itself bears a pointy tip (e.g. 
Bacillothrips longiceps), while in Bactrothrips nativus it appears like an elongated 
stout setae. It is not possible to deduce if these are homologous sensoria that evolved 
from highly modified tergal setae without histological cross section study, but based 
on the form observed from Bactrothrips nativus (compared with the tergal setae 
observed from consecutive abdominal tergites) this is highly probable.  
In contrast, in the same subtribe, males of Meiothrips and Idolothrips, and in 
the Hystricothripina Actinothrips and Zactinothrips, lack drepanae but have modified 
lateral tergals spanning tergites II–VII (S1), in various shapes from simple stout 
setae, to setae the shape of a dagger, and which are variable in transitional 
differences between the tergites. Species with this form of sexual dimorphic 
modified tergals are coded as S1.  
The final state (S2) observed comprised taxa with rough lateral margins to their 
abdominal tergites and lateral tergals rooted on tubercles, in which the setae are 
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usually stouter and with an expanded tip (Plate 3.29 A). But this form merely 
represents the general shape of the abdominal tergites, as it is found in both sexes 
and thus it is not considered a sexual dimorphic trait. This state was mostly coded for 
members of the Hystricothripina (Atractothrips, Holurothrips, Paractinothrips, 
Neatractothrips, and Hystricothrips), but also in the Elaphrothripina (Malesiathrips 
and Mecynothrips).  
 
Character C39. Tergites IX shape 
(Plate 3.30) 
State S0 transverse trapezoid 
State S1 quadrate 
State S2 elongate 
 
Abdominal segment IX varies in shape from transverse trapezoid (Plate 3.31 
ii–iii, vii–x) to elongate (Plate 3.31 A) or quadrate (Plate 3.31 B–F, i, iv). Initially, I 
considered that these shapes may be loosely correlated with the length of tube, such 
that an elongate or quadrate segment IX may be associated with longer tube while a 
transverse trapezoid segment IX could be associated with a short tube. Attempts to 
characterise the ratio of segment IX versus tube however were unsuccessful, as 
exemplified by figure (D) versus (i) in Plate 3.31. 
 
Character C40. Tergite X (tube) surface setae 
State S0 bald (completely glabrous/ surface with setal pores/ minute setae) 
State S1 prominently hairy (fine to stout setae) 
 
One of the eight major MP83 character is the tube surface setae, defined with 
two states of the ‘hairy tube’ versus a ‘bald/glabrous’ tube. A hairy tube is 
considered by MP83 to be a more advanced and derived feature, found in members 
of the Idolothripina and Hystricothripina (exception in Atractothrips which has 
prominent setal pores but only minute setae). Yet, hairy tube is also present in some 
Pygothripini (Cleistothrips, Ecacleistothrips, Celidothrips, Campulothrips, and the 
aberrant swollen tube with tubercle-like setae in Pygothrips). Current investigation 
using SEM (Plate 3.30 K–L) found even ‘bald’ species have setal pores with or 
without minute setae. Finally, two pairs of campaniform sensilla are found each on 
the proximal and distal ends of the tube in all idolothripines examined, except where 
specimens are too dark or the tube too tuberculate to assess. 
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Character C41. Tube swollen 
State S0 not swollen 
State S1 not swollen 
 
A typical tube is conical with straight margins, but may be dented or sinuate in 
males (Plate 3.31 v–vii). In some genera species tend to have swollen tube, either 
short and swollen in Pygothrips, Acallurothrips, Phacothrips, Diceratothrips 
nigricauda (but not D. bicornis), or long and constricted at distal end like 
Hystricothrips (Plate 3.31 F).  
 
3.3.2 Plates 3.1–3.31  
Head 
Plate 3.1 Head characters and measurements: Elaphrothrips denticolis ♂. 
Features not labelled are those for which homologous position cannot be defined, e.g. 
random cheek setae or stray setae on the head that are often not consistent within a species. 
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Plate 3.2 Heads. Arrows mark pair of campaniform sensilla: A) series of Tiarothrips 
subramanii showing phenotypic plasticity of head projection length, left to right 1♂, 
2♀; B) Lamillothrips typicus ♂, slightly projected; C) Diceratothrips ?bicornis ♂ , 
head not projected; D) Ophthalmothrips conocephalus ♂ mic.; E) Mecynothrips 
acanthus ♂. 
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Plate 3.3 Compound eyes: A) Pseudocryptothrips sp. mic. (?1943, Acapulco, 
MEXICO); B) Atractothrips bradleyi ♂ mic.; C) Anaglyptothrips dugdalei apt.; D) 
Priesneriella citricauda apt.; E) Acallurothrips sp. ♂ apt. (2006, Nakara, Northern 
Territory,  AUSTRALIA); F) Acallurothrips sp. ♀ mac. (O’Reillys, Queensland, 
AUSTRALIA), arrow shows hypothesized mx. guide; G) Cryptothrips nigripes ♀ 
mac.; H) Ozothrips priscus ♂ mac.; I) Compsothrips albosignatus ♂ apt..  
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Plate 3.4 Compound eyes: A) Emprosthiothrips brimblecombei ♀ apt.; B) 
Malesiathrips australis apt.; C) Phacothrips ocelloides ♀, enlarged ommatidia 
structure; D) Mecynothrips acanthus ♂; E) Elaphrothrips curvipes; F) 
Paractinothrips peratus ♂. 
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Plate 3.5 Campaniform sensilla pair near foreocellus (denoted by arrows), A–C: A) 
Neosmerinthothrips hilaris ♀; B) Campulothrips gracilis ♂; G) Dinothrips 
sumatrensis ♂. Setae on eye surface: D) Elaphrothrips curvipes ♂. Coloured pattern 
of ommatidia on ventral surface of compound eyes, E–H: E) Sporothrips amplus; F) 
Anactinothrips sp. ID17; G); Tiarothrips subramanii; H) Pygothrips sp. ♀ mac. 
(2011, A.C.T, AUSTRALIA). 
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Plate 3.6 Alignment of maxillary stylets as observed from mounted Ecacleistothrips 
glorious: A) Adapted from Mound (2007), retracted position of maxillary lever (mx. 
lvr., white line), long subparallel-shape maxillary stylets (lc., red line), maxillary 
pillar (mx. pil, brown shade); B) Fully protracted lc., shape unnatural as taxonomic 
diagnostic character; C) Ventral view: anterior tentorial arm (at.), lc. and left 
mandibular stylet (md.) protracted outside mouth cone. 
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Plate 3.7 A) Protracted maxillary stylets of Diceratothrips ?bicornis ♀, considered 
partially protracted based on observation of figure B; B) same specimen showing 
asymmetrical protraction of stylets where the right lever has rotated posteriorly, 
revealing the right-maxillary guide (yellow arrow). This demonstrates that the left 
maxillary guide is completely concealed behind the left stylet. 
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Plate 3.8 Range of V-U shaped mx. stylets, combination of short/long stylets, that 
align wide/narrower, and retracted to low/high position in head. White scales denote 
length of mx. lvr.: A) Gastrothrips acutulus ♂; B) Nesothrips carveri ♀; C) 
Nesothrips malaccae ♀; D) Nesothrips badius apt.; E) Neosmerinthothrips collaris 
♀; F) Acallurothrips sp. ♀, arrow showing mx. guide; G) Malesiathrips australis ♂ 
apt.; H) Actinothrips trichaetus ♂; I) Ethirothrips stenomelas ♂.  
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Plate 3.9 Range of parallel or subparallel mx. stylets that may close together medially 
when fully retracted in the head. White scales denote length of mx. lvr. A) 
Carientothrips acti ♀ apt.; B) Priesneriana uptoni ID76 ♀ mic.; C) Allothrips 
stannardi ♂apt.; D) Megalothrips spinosus ♂; E) Heptathrips tillyardi ♀; F) 
Cleistothrips idolothripoides ♀. 
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Plate 3.10 Mouth cones with mx. palps and other structures as labelled. White scales 
denote length of mx. palp segment I: A) Diceratothrips ?bicornis ♂; B) 
Lamillothrips typicus ♂; C) Minaeithrips aliceae ♀; D) Acallurothrips sp. ♀; E) 
Neosmerinthothrips collaris ♀; F) Campulothrips gracilis ♀. A and D are examples 
of a longish-rectangular mx. palp segment I, in contrast of others which are the short-
quadrate. 
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Plate 3.11 Proventriculus (internal intestinal structure) observed from mesothorax, 
A–B: A) Elaphrothrips denticollis; B) Mecynothrips simplex. C) Mx. bridge (mx. 
bd.) and mx. guide (mx. gd.) in Haplothrips sp. ID53. 
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Plate 3.12 Antennal segments. Elaphrothrips denticollis, A–C: A) III, two sense 
cones; B) II, distal campaniform sensilla and expanded setal tips; C) distal VI–VIII, 
slender. Distal segments closely joined and lanceolate as a whole, with no 
suture/complete or incomplete suture, resulting in less than eight clearly-segmented 
antennae, D–H: D) Priesneriella citricauda, six segmented; E) Allothrips stannardi, 
seven segmented, no visible suture on terminal segment; F) Minaeithrips aliceae, 
VII-VIII lanceolate as a whole, partial suture almost complete; G) Priesneriana 
uptoni, terminal VII with partial suture; H) Heptathrips tillyardi, terminal VII with 
no suture. Clearly eight segmented, I–K: I) Pelinothrips ornatus; J) Ophthalmothrips 
miscanthicola; K) Tiarothrips subramanii, III allometric. 
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Thorax 
Plate 3.13 Dorsal of thorax (pronotum, mesonotum, metanotum) and abdominal 
tergite I (pelta), Campulothrips gracilis ♂. More thoracic structures see (Bhatti, 
1988). 
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Plate 3.14 Mesonotal spiracle: A) Elaphrothrips denticollis, SEM image, 
membraneous area below spiracle collapsed in vacuum; B) Dinothrips sumatrensis ♂ 
enlarged sclerite around mesonotal spiracle; C) Nesothrips badius. 
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Plate 3.15 Heavily eroded margin of dorsum sclerites: A) Priesneriella citricauda ♀. 
Pelta, B–L: B) Emprosthiothrips brimblecombei ♀; C) Nesothrips badius ♀; D) 
Acallurothrips sp. ♀; E) Peltariothrips ?insolitus; F) Bacillothrips longiceps; G) 
Elaphrothrips bakeri ♂; H) Bactrothrips idolomorphus ♂; I) Heptathrips tillyardi; J) 
Gastrothrips acutulus ♂,  showing tubercle on posterior margin of metanotum 
(extending over top of pelta); K) Carientothrips mjobergi ♀; L) Cleistothrips 
idolothripoides ♀. 
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Plate 3.16 Pronotal and mesonotal sternites. A) Elaphrothrips bakeri ♂ with well-
developed ventral sclerites; B) Neosmerinthothrips collaris ♀, basantra compressed 
(appeared darker), mesopraesternum boat shaped with margin slightly eroded; C) 
Emprosthiothrips brimblecombei ♀ prospinasternum, spina and mesopraesternum 
absent; D) Acallurothrips sp. ♀, prospinasternum and spina absent, mesopraesternum 
largely eroded; E) Heptathrips cumberi ♂, heavily eroded sclerites, basantra, 
prospinasternum, spina, mesopraesternum absent; F) Pygothrips sp. ♀, basantra 
absent. 
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Plate 3.17 Metapleuron, arrows indicating right metathoracic anapleural suture, and 
infra-anapleural suture labelled for A & D. Metapleuron swollen: A) Anactinothrips 
ID17; B) Paractinothrips peratus ♂; C) Zactinothrips elegans ♂. Metapleuron not 
swollen: D) Elaphrothrips bakeri ♂; E) Sporothrips amplus ♂; F) 
Neosmerinthothrips collaris ♀. 
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Plate 3.18 Metathoracic sternopleural sutures. Present: A) Cleistothrips 
idolothripoides; B) Cryptothrips nigripes ♀. Ambiguous due to eroded sclerites: C) 
Pygothrips sp. ♀; D) Heptathrips cumberi ♂. 
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Fore leg 
Plate 3.19 Varieties of forefemur and presence of tarsal tooth. A-F all ♂ unless 
specified: Elaphrothrips bakeri minor and major ♂on same scale; B) Meiothrips 
annulipes, male without foretarsal tooth; C) Campulothrips gracilis; D) 
Mecynothrips acanthus; E) Ophthalmothrips conocephalus; F) Malesiathrips 
australis; G) Dermothrips hawaiiensis ♀, a same-slide♂has a small foretarsal tooth. 
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Plate 3.20 Male stridulating structure on forecoxa lateral-ventral surface: A) 
Diceratothrips ?bicornis; B) Anactinothrips ID17; C) Sporothrips amplus ♂. 
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Wing 
Plate 3.21 Wing basal setae, campaniform sensilla, ventral wing spur as labelled: A) 
Campulothrips gracilis; B) Anactinothrips ID17; C) Neosmerinthothrips collaris. 
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Plate 3.22 Wing surface secondary patterns and interpretation of wing median stripe 
as observed from conventional full-immersed Canada balsam mounted 
idolothripines. A) Elaphrothrips greeni (figure adapted from pg.34, Bhatti (1991), 
structures discussed in this thesis are relabelled with red arrows, . Elaphrothrips 
denticollis, SEM, B–C: B) wing distal surface pattern and duplicated cilia; C) wing 
surface with troughs and ridges. D) Elaphrothrips bakeri, conventional mount, wing 
median stripe with distal end point suggests median bulge (MB). 
 
Wing structures as defined by Bhatti (1991). 
MB: median bulge 
RD1: lacunate bulge (dorsal ridge 1) 
RV1: ventral ridges 1  
TD1: proximal median trough (dorsal trough 1) 
TD3: anterior median trough (dorsal trough 3) 
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Plate 3.23 Wings, prominent median stripe: A) Dinothrips ?spinosus, similar to 
Elaphrothrips spp. where wing stripe ends  about two thirds distally; B) 
Campulothrips gracilis, wing median stripe long; C) Neosmerinthothrips hilaris, 
wing stripe pale but visible, ends about two thirds of wing distally.   
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Plate 3.24 Wings, broad and appear transparent, median stripe not strongly shaded 
but sculpture visible through light microscope: A) Sporothrips amplus ♀; B) 
Anactinothrips ID17. Unusually broad wing with shorter fringe cilia, largely shaded 
light brown, Ecacleistothrips glorius. 
 
 
  
172  
Plate 3.25 Wings largely shaded, prominent median stripe: A) Ozothrips priscus, 
appeared to have two median stripe, the first possibly TD3; B) Cleistothrips 
idolothripoides. 
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Abdominal Segments I–X 
Plate 3.26 Tergal chaetotaxy, tight lateral tergal setae: A) three pairs of WRS, 
Mecynothrips acanthus; B) one pair of WRS, Anactinothrips ID17; C) two pairs of 
WRS, Elaphrothrips bakeri. 
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Plate 3.27 Tergal chaetotaxy, tergite III: A) Diceratothrips ?bicornis; B) 
Campulothrips gracilis; C) Ozothrips priscus; D) Priesneriella sp.n.; E) Cryptothrips 
nigripes, eroded anterior tergite margin.  
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Plate 3.28 Tergal chaetotaxy, median setae close to a pair of campaniform sensilla, 
one pair of WRS, tergal lateral setae spread out parallel: A) Pygothrips sp. ♀; 
Heptathrips cumberi; Priesneriana uptoni; Acallurothrips sp. ♀. 
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Plate 3.29 Modified tergal structures. A) Neatractothrips macrurus ♂ tergite III, five 
pairs of WRS, lateral tergals S3-S4 mounted on tubercles; B) Emprosthiothrips 
brimblecombei ♀ aberrant tergite III, generalised chaetotaxy not recognized. 
Bactrothrips idolomorphus ♂, C–D: C) SEM, horn like drepanae on tergite VI, tip 
enlarged showing structure like modified campaniform sensillum; D) fresh specimen, 
two smaller tubercles on VII–VIII, hairy tube. 
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Plate 3.30 Tube surface setae, arrow pointing campaniform sensilla. Surface setae 
not well-developed, A–E: A) Bolothrips ?bicolor; B) Herathrips nativus; C) 
Elaphrothrips bakeri; D) Heptathrips cumberi; E) Emprosthiothrips brimblecombei. 
Surface setae well-developed, F–J: F) Ecacleistothrips glorius; G) Pygothrips sp. ♀; 
H) Campulothrips gracilis ♂; I) Holurothrips ornatus; J) Hystricothrips phasgonura. 
SEM imaging, enlarged figures showing tube surface setae and campaniform 
sensilla, K–L: K) Bactrothrips idolomorphus; L) Elaphrothrips denticollis. 
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Plate 3.31 Tergite IX and X (tube), all ♂ except where specified. A) Neatractothrips 
macrurus; B) Holurothrips ornatus; C) Paractinothrips peratus; D) Zactinothrips 
elegans; E) Zeugmatothrips gracilis; F) Hystricothrips phasgonura; G) Cleistothrips 
idolothripoides ♀; i) Anaglyptothrips; ii) Neosmerinthothrips collaris ♀; iii) 
Nesidiothrips alius ♀; iv) Ophthalmothrips conocephalus; v) Dermothrips 
hawaiiensis; vi) Bacillothrips longiceps; vii) Heptathrips cumberi ♂; viii) 
Minaeithrips aliceae ♀; ix) Pygothrips sp. ♀; Acallurothrips sp. ♀. 
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3.3.3 Data Matrix, Topology and Tree Statistics 
The finalised dataset contained 71 taxa representing 65 genera scored with 41 
characters of which one character was parsimony uninformative (Appendix F). This 
dataset included seven out of the eight morphological characters used in MP83 
classification and relationships hypotheses (Table 3.2). MP tree searches consistently 
recovered a large number of most parsimonious trees (MPTs) of length 362 steps 
with minor topological differences. Tree statistics are as follows: best tree length = 
362; consistency index (CI; Kluge & Farris 1969) = 0.2017; CI excluding 
uninformative characters = 0.1972 (Kluge & Farris, 1969); retention index= 0.6207 
(RI; Farris 1989); rescaled consistency index (RC; Farris 1989)= 0.1252.  
The strict consensus (PAUP-strict) and 50% majority rule (PAUP-50mj) of the 
80000 MPTs were computed, and are provided in Figure 3.2 and Figure 3.3 
respectively. Evaluation of nodal significance by Bremer values and the percentage 
of MPTs that recovered each clade are labelled on the PAUP-50mj topology. While 
the PAUP-strict tree was largely unresolved especially for the backbone, the 50-mj 
tree showed better resolution, but nodes were poorly supported. The Bremer support 
at a node is the calculation of the numbers of extra steps to find a tree which lose that 
node, thus the higher Bremer value at a node the stronger evidence for the recovered 
clade. Only two shallow-level clades in the PAUP-50mj topology were supported by 
Bremer values of 3, the rest showed lower Bremer values, which indicate that the 
morphological phylogeny was not robust.  
One issue encountered in the MP analyses was the heuristic tree searches in 
PAUP* v4.0b10 (Swofford, 2002) produced large numbers of equally parsimonious 
trees that differed by very few topological positions. The tree-search parameter 
‘MAXTREES’ was reached rapidly and increasing this limit would not improve 
resolution. The final analyses of this study used the settings ‘MAXTREES’ = 80000, 
which allowed the search to complete. The ‘MAXTREES-no increase’ setting has a 
‘tree buffer overflow’ effect that reduces the potential for finding the best tree as the 
area of tree space searched is limited compared with unconstrained analyses (PAUP* 
manual, Swofford, 2003). Replicate runs with MAXTREES set to 1k, 10k, 50k and 
80k did not yield any trees that were a length shorter than 362 steps, suggesting that 
while the set of shortest trees is large, the shortest length tree based on current 
dataset had been found.  
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Figure 3.2 PAUP-Strict tree.  Strict consensus of 80000 MPTs inferred using PAUP. 
Taxa colour-coded to denote their subtribal classification following Mound and Palmer 
(1983b). 
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Figure 3.3 PAUP-50mj tree. Majority-rule (50%) consensus of 80000 MPTs inferred 
using PAUP. 
Number above nodes represents Bremer support, number below represents percentage of 
MPTs which recover this node; major nodes are numbered; taxa are colour-coded to 
denote subtribes following Mound and Palmer (1983b). 
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3.3.4 Preliminary Character Mapping Analyses 
Seven out of eight major MP83 morphological characters (Table 3.2) were mapped 
on the PAUP-50mj topology (Figure 3.4-Figure 3.10), using parsimony ancestral 
state reconstruction in MESQUITE ver. 3.03 (Maddison & Maddison, 2015), which 
is a criterion that favours the fewest changes in character states across tree space. The 
topologies will be used to examine MP83 hypotheses on character evolution and 
polarity. As the morphological phylogeny is not robust, the results here are only 
preliminary, and these characters will be examined again using the molecular 
topology inferred in Chapter 4.  
Table 3.2 Characters defined in this study and their corresponding Mound and 
Palmer (1983b) character definition. 
Character defined in this study Corresponding MP83 Character 
C12. Alignment of maxillary stylets 
(laciniae) when fully retracted, as 
observed from dorsal view  
length of maxillary stylets: long/short 
C15. Terminal sensorium of maxillary 
palp II 
maxillary palp II terminal sensorium: 
small/large 
C19. No. of sense cones on antenna IV antennal segment IV sense cones: 
two/four/three 
C20. Basantra basantra: present/absent 
C27. Metathoracic sternopleural sutures metathoracic sternopleural sutures: 
present/absent 
C35. Number of pairs of WRS on tergite 
III-V 
tergal wing-retaining setae: 1pair/2pairs 
C40. Tergite X (Tube) surface setae tube surface setae: glabrous/hairy 
Not coded antennal sense cones: slender/stout 
 
Based on the PAUP-50mj phylogeny, the plesiomorphic condition for the coded 
seven MP83 major characters with respect to the Idolothripinae, are as follow:  
1. The plesiomorphic state of the maxillary stylets alignment is (S0): Stylets widely 
spaced and V shaped, short to medium in length, and associate with short levers; 
head usually short, if head long stylets retracted low in head (Figure 3.4). This 
does not support the MP83 hypothesis that a pair of ‘long’ maxillary stylets as 
found in the basal Pygothripina is the plesiomorphic condition in Idolothripinae.  
2. The plesiomorphic state of maxillary palp segment II terminal sensorium is (S0): 
appears like normal sensorial seta, not particularly enlarged (supplementary: 
labial palp II terminal sensorium not enlarged) (Figure 3.5). This supports MP83 
hypothesis that enlarged maxillary palp terminal sensorium is a derived trait.  
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3. The plesiomorphic state of the number of sense cones on antennal IV is (S2): 
four (Figure 3.4). This does not support MP83 hypothesis of two sense cones as 
found in the Pygothripina being the plesiomorphic condition in Idolothripinae. 
4. The plesiomorphic state of the basantra is (S1): present (Figure 3.7). This does 
not support MP83’s suggestion that the absence of basantra as found in the 
Pygothripina is a plesiomorphic condition for the Idolothripinae.  
5. The plesiomorphic state of the metathoracic sternopleural sutures is (S0): present 
(Figure 3.8). This supports MP83’s hypothesis that the presence of metathoracic 
sternopleural suture is ancestral condition for the Idolothripinae.  
6. The plesiomorphic state of the number of tergal WRS is (S1): two pairs (Figure 
3.9). This does not support MP83’s hypothesis of one pair of tergal WRS is the 
ancestral condition for Idolothripinae. 
7. The plesiomorphic state of the condition of tube is (S0): bald (completely 
glabrous/ surface with setal pores/ minute setae) (Figure 3.10). This supports 
MP83 hypothesis that hairy tube is derived.  
 
Character mapping revealed that all coded states for the MP83 major 
morphologies constituted plesiomorphies or are derived-homoplasious conditions 
with respect of the Idolothripinae, none were a clear synapomorphy. Two characters 
C27 and C40 showed a single state each that is prevalent within a major clade. For 
C27, state S1 (Figure 3.8), the lack of metathoracic sternopleural sutures is an 
ancestral state for Macrothripina in clade#5 and its sister clade comprising primarily 
members of Macrothripina, Elaphrothripina, Idolothripina and Hystricothripina. A 
few exceptions to this are the Sporothrips, Diceratothrips, and Campulothrips of the 
Diceratothripina, and the Pelinothrips of Pygothripina which possess metathoracic 
sternopleural sutures, indicating a reversal to the ancestral state S0. The absence of 
sternopleural suture is also found in the unrelated Bolothrips and Faureothrips where 
it is homoplastic. For C40, state S1 (Figure 3.10), having a hairy tube is an ancestral 
state for a clade comprised of Campulothrips, Actinothrips and Zactinothrips 
(clade#9) and its sister-clade of Idolothripina + Hystricothripina (clade#10). In this 
clade, Malesiathrips and Atractothrips reverted to the plesiomorphic state of having 
no prominent setae on tube. Hairy tube has also derived independently in several 
unrelated genera, including the sister-group of Cleistothrips + Ecacleistothrips, and 
Pygothrips.  
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Figure 3.4 Character distribution of C12 on PAUP-50mj: Alignment of maxillary 
stylets (laciniae) when fully retracted, as observed from dorsal view. 
 
State S0 Stylets widely spaced and V shaped, short to medium in length, and associate with 
short levers; head usually short, if head long stylets retracted low in head (Plate 3.8 A–C, D, 
G–H) 
State S1 Stylets widely spaced and V to U shaped, longish, and usually associate with long 
levers; stylets retracted deep in head often up to eye level (Plate 3.7, 3.8 E–F, I) 
State S2 Stylets narrowly aligned (about one third of head width apart) and parallel or 
subparallel in shaped, associate with long levers; stylets retracted deep into head up to eye 
level (Plate 3.9 A–C) 
State S3 Stylets narrowly aligned (often close together in the middle) and parallel shaped, 
associate with long levers; stylets often retracted beyond eye posterior margin (Plate 3.9 D–F) 
 
 
 185 
Figure 3.5 Character distribution of C15 on PAUP-50mj: Terminal sensorium of 
maxillary palp II 
 
State S0 appears like normal sensorial seta, not particularly enlarged (supplementary: labial 
palp II terminal sensorium not enlarged) 
State S1 enlarged and cone shaped, with appearance like a third segment palpus 
(supplementary: same condition for the labial palp II terminal sensorium) (Plate 3.10 D–E).  
State S2 appears large but prominently setal-like (additionally also same condition for the 
labial palp II terminal sensorium) 
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Figure 3.6 Character distribution of C19 on PAUP-50mj: number of sense cones on 
antenna IV. 
 
S0 two 
S1 three 
S2 four 
S3 five 
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Figure 3.7 Character distribution of C20 on PAUP-50mj: basantra. 
 
S0 absent 
S1 present 
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Figure 3.8 Character distribution of C27 on PAUP-50mj: metathoracic sternopleural 
sutures.  
 
State S0 present (Plate 3.18A–B) 
State S1 absent 
State S2 ambiguous due to eroded sclerite (Plate 3.18C–D) 
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Figure 3.9 Character distribution of C35 on PAUP-50mj: Number of pairs of WRS 
on tergite III-V.  
 
State S0 one pair 
State S1 two pairs 
State S2 three or more pairs 
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Figure 3.10 Character distribution of C40 on PAUP-50mj: Tergite X (Tube) surface 
setae 
 
State S0 bald (completely glabrous/ surface with setal pores/ minute setae) 
State S1 prominently hairy (fine to stout setae)  
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3.4 DISCUSSION 
3.4.1 Phylogenetic Relationships 
Haplothrips was set as outgroup for the current analyses, and it was recovered with 
Holothrips as the sister-group for all the Idolothripinae in both PAUP-strict and 
PAUP-50mj trees.  
Resolution of the currently inferred phylogeny based on morphology is not 
robust. There is significant backbone structure in the PUAP-50mj, but the Bremer 
support on each clades is low. Based on the PAUP-strict topology (Figure 3.2), there 
are three major resolved groups (labelled #1-3). Clade#3 is the relatively most 
resolved clade, contains the majority of Idolothripini taxa and Herathrips of the 
Macrothripina as sister-group. The two other major groupings include significant 
polytomies, the 24 taxa that form a grade at the base of node#3 (clade#2); and the 18 
taxa that form a grade at the base of node#2 (clade#1), which also denotes 
monophyly of the idolothripines with respect of the two phlaeothripines included.  
All subtribes proposed by MP83 show extensive paraphyly or polyphyly. Of 
the major groupings within Idolothripinae in the topologies, only six even remotely 
resemble the MP83 subtribes, the Pygothripina (clade#6), Macrothripina (clade#4 & 
clade#5), Elaphrothripina (clade#8), Hystricothripina (clade#11), and Idolothripina 
(clade#12). Each of these clades includes at least one member of another subtribe or 
is missing one or more members that are resolved elsewhere.  
The core Pygothripina clade#6 is distantly related to Emprosthiothrips and 
Priesneriana which are recovered amongst the unresolved grades in clade#1, and 
also distantly related to Pelinothrips recovered within major clade#3. Pygothripina in 
this topology is also not placed at the basal position as hypothesized by MP83.  
All Macrothripina taxa are found in major clade#2, but fall as two unrelated 
lineages (#4-5) while Aesthesiothrips and Macrothrips are among the unresolved 
grades of major clade#2, and Herathrips is recovered in major clade#3 as sister taxon 
of the Idolothripini taxa.  
The Elaphrothripina is extensively polyphyletic resolved in all three main 
groups #1-3, but the core-clade sensu MP83 should be #8, as each of other taxa 
possess morphologies that are considered divergent from other members of the 
subtribe they currently assigned to—i) Hartwigia is a curious ant-like species with a 
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very large bulbous head, and is unlike any other idolothripines; ii) Dinothrips and 
Lamillothrips possess longish V-shaped maxillary stylets similar to those in 
Macrothripina (Figure 3.4), and a pair of ommatidia on the cheek behind the eye, that 
have been found in the earlier character study to be a character primarily present in 
the Macrothripina, and have not previously been utilised in systematics of 
Elaphrothripina; iii) Dermothrips and Malesiathrips are two aberrant members of the 
Elaphrothripina only placed within Elaphrothripina provisionally due to sharing 
major MP83 characters (pg. 62 MP83) but have a general morphology divergent 
from taxa within the core Elaphrothripina; iv) Anactinothrips is another aberrant 
Elaphrothripina because it possesses only a single pair of tergal WRS, in contrast to 
two found in other core members.   
All Hystricothripina taxa are recovered in major clade#3, with a core grouping 
sensu MP83 found in clade#11, which contains two lineages corroborated MP83’s 
hypotheses of two geographical radiation of the Hystricothripina—the Holurothrips, 
Neatractothrips, and Paractinothrips constitute a clade that represents the 
hypothesized Oriental radiation, while Atractothrips, Hystricothrips, and 
Zeugmatothrips form another clade that represents the hypothesized New World 
radiation. Two other Hystricothripina genera included in this study are the 
Actinothrips and Zactinothrips, which turn out to be distantly related and a sister 
clade to the Campulothrips (clade#9).  
All Idolothripina genera fall within clade#10 but form a ladderized grade with 
respect to the core Hystricothripina clade#11. Within clade#10 it is clear that the 
genus Bactrothrips is paraphyletic, with the Australian Bactrothrips nativus resolved 
as sister of Bacillothrips. The most distinctive characteristic the three taxa share are 
long maxillary stylets in contrast to the shorter, wide-V shaped stylets found in B. 
idolomorphus.  
The Compsothripina, Allothripina, and Gastrothripina have not formed obvious 
groupings, and are recovered mostly in clade#1 as unresolved polytomies with 
respect of clade#2 (PAUP-strict) or as two highly heterogeneous clades (PAUP-
50mj), with assemblages of heterogeneous taxa including one genus currently 
assigned to the Elaphrothripina and three Pygothripina taxa distantly related from 
their core group in clade#6. Diceratothripina shows extensive paraphyly, resolved in 
all three main groups #1-3, with Nesothrips polyphyletic. Nesothrips carveri is sister 
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to Gastrothrips plus Priesneriana (in clade#1). Meanwhile, Nesothrips badius is in 
clade#3, but this can be explained by its lack of a metathoracic sternopleural suture 
(Figure 3.8). This indicates that badius may not belong in Nesothrips at all, but this 
relationship requires molecular verification, because apart from this character there 
are no other strong morphological evidences to suggest its divergence from the 
Nesothrips. The position of Campulothrips (Hystricothripina) is interesting given its 
morphologically ambiguous background. The MP83 classification placed this 
monotypic genus within the Diceratothripina because it possesses some crucial 
Diceratothripina traits—the presence of metathoracic sternopleural sutures, a single 
pair of tergal WRS, single pair of large po setae, complete anapleural sutures, and a 
Pacific distribution. The males of Campulothrips also share the same enlarged L-
shaped male femora as male of Nesothrips lativentris, also from the Pacific region, 
such that Campulothrips has been suggested to have derived from the Nesothrips 
lativentris-major species-group (Mound & Palmer, 1983b). This decision was made 
despite Campulothrips having several overall similarities with some South American 
Idolothripini (e.g. long hairy tube and swollen metapleuron, long median setae on the 
metanotum, elongate antennae) that MP83 attributed to convergent evolution in body 
form. Given the paraphyly of Diceratothripina suggested here, previous hypotheses 
regarding relationships within this subtribe remain unresolved.  
Despite a lack of monophyletic subtribes, the overall tree topology broadly 
supports grouping of the Idolothripini (major clade#3), and a polyphyletic 
Pygothripini (clades#1-2), indicating notional support for the MP83 classification 
scheme. Within clade#3, Herathrips is recovered as sister to the ‘Idolothripini’, very 
narrowly congruent with the hypothesized sister-group relationship depicted in the 
MP83 dendrogram between Macrothripina and the Idolothripini (Figure 3.1). 
Herathrips however, is not closely related to the core-Macrothripina as recovered 
within clades#4-5. In parallel, relationships amongst the Idolothripini subtribes are 
broadly similar to those proposed in MP83 with Elaphrothripina sister to a clade 
composed of Hystricothripina and Idolothripina, however Idolothripina is not a 
monophyletic group and Elaphrothripina is polyphyletic.  
Contrasting to the MP83 proposal, Pygothripina has not been recovered as the 
basal, sister-lineage to all other Idolothripinae taxa, but rather the largest 
pygothripine clade (#6) is sister to the polyphyletic Macrothripina plus the 
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Idolothripini composition in the PAUP-50mj topology. Relationships between taxa 
assigned to the subtribes Gastrothripina, Compsothripina, Allothripina and 
Diceratothripina are unclear as these subtribes show extensive paraphyly. It is 
premature to discuss concepts like a ‘proto-Idolothripinae’ or ‘advanced 
Idolothripinae’ and their associated characters as proposed by MP83 for the 
Pygothripina and Allothripina based on the current topologies. We can consider since 
all Allothripina and Compsothripina exemplars are recovered within the grade at 
clade#1 with respect of the nested clade 2, they are the most distantly related groups 
from all other idolothripines instead of the Pygothripina.  
All of the above relationships and groupings sorely require verification using 
an independent data source. 
 
3.4.2 Utility of Morphology as Phylogenetic Markers for the Idolothripinae 
Character study revealed that few taxonomically important characters can be coded 
unambiguously across the diversity of the Idolothripinae, and that defining 
homologous characters and their variation can be challenging. Ambiguities in 
character and states definition likely have contributed artefacts to the data matrix, 
and the effect of such artefacts may be greater when the total number of characters is 
low, against the relatively high number of taxa at this level of study. Examples of 
challenges in character study are given below.  
Some morphology being compared here will require corroboration in future 
study regarding their homologous status. For example, presence of a pair of 
ommatidia on the cheek (character C11) in some taxa in the Macrothripina, 
Diceratothripina, Hystricothripina, and Elaphrothripina, may or may not be 
homologous structures, because the relative location of the ommatidia pair on the 
lateral margin of cheeks varies. In another example, possessing a head projection in 
front of the eyes (Character C1) is a trait easily identified by direct observation and is 
useful for species and genus level diagnostics for taxa in the Idolothripini. However, 
coding this character for Idolothripinae is ambiguous when measurements and 
arbitrarily defined discrete ranges are involved. Some species from subtribes not 
usually recognized as possessing head projection would be coded as possessing head 
projections (projection L/W ratio range ≥ 0.1). For example, Carientothrips is not 
identified as having head projection, but C. calami or C. snowi are distinguished 
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from other congeneric species by their slight head projection in front of the eyes. 
Both species were not used in current study, and the genus was represented by 
Carientothrips mjobergi, which did not fall into the category of having a projection 
by the arbitrarily defined range. 
Difficulty in defining homology was largely due to the inherent continuous 
variation of qualitative characters across the diverse range in the Idolothripinae, 
where many important characters are shapes, silhouette, colour or other qualities. A 
good example is the degree of development of setae, which is commonly employed 
at various taxonomic levels. In different publications the state of ‘well-developed 
setae’ could mean stout in comparison to fine setae, or fine setae in comparison to 
minute or absence of setae. Descriptions of setal characteristics are therefore always 
relative and useful for only within the confinement of a subset of taxa. Example of a 
scenario which may introduce biases in coding would be: is this particular seta stout, 
or simply appears stout because the head is smaller? Similarly, the conventionally 
defined bald versus hairy tube is easy to discern by direct observation. However, 
SEM images have shown that bald/glabrous tubes actually possess some sparse 
minute setae (Plate 3.30 K-L), and in some species minute setae are actually 
observable under light microscopy, while in others tube surface has numerous 
prominent setal pores without prominent setae—so how fine should the setae be, 
before we code the tube as ‘bald’? For the same reason the character of antennal 
sense cones quality (slender/stout) sensu MP83 was not codable in the current study. 
Meanwhile, two of the three character states coded for the character maxillary palp 
terminal sensorium (C15), S0 and S2, may have contained heterogeneous type of 
sensorium that could not be teased apart, despite S1 of an enlarged cone-shape 
sensorium is a rather distinctive state.  
Attempts to discretise quantitative measurements were rarely successful. 
Measurements of various body parts explored in the character study are not only 
often scaled to individual body size, but also affected by morphological plasticity, 
which includes difference in total body length, allometric growth of certain body 
parts that are also sexually dimorphic or variable between major and minor males or 
individual wing morphs in wing polymorphic species. Wingless related structural 
reduction, subtly or dramatically, in a wide range of characters, includes head 
chaetotaxy, compound eye and ocelli, thoracic build, and pelta. Length-width ratios 
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that are useful in alpha-taxonomy have limited utility across the whole of the 
Idolothripinae. While it is common practice to use total body length to normalise or 
scale the measurement of individual body parts, this approach is not justified for the 
idolothripines as they have highly variable head projections (Plate 3.2 A, E) and/or 
length of the tube (terminal abdominal segment). Furthermore, the arbitrary 
boundary applied in this study for the current dataset would likely be inapplicable if 
additional taxa were to be included.  
Variability in character states between the species studied and others 
represented by it in phylogenetics is a weakness of the ‘exemplar approach’ to 
character code when studying higher level taxa, and has yet to be satisfactorily 
resolved (Yeates, 1995). The alternative ‘groundplan method’ makes implicit 
assumptions (e.g. the monophyly of a genus) and deducing the groundplan for a 
genus by studying a number of congeneric species can also infer ancestral states 
incorrectly (Yeates, 1995), and is not suitable for Idolothripinae as many taxa contain 
existing taxonomic problems based on morphology.  
In combination with insights from character mapping analyses, the results 
support a general consensus that the MP83 classification scheme and previous 
taxonomic practice have been based on plesiomorphic or homoplasious characters. 
The lack of synapomorphies is largely to blame for the low resolution in the 
phylogeny. Homoplastic characters can have utility in the classification particularly 
when found as unique combinations, despite their limited utility in cladistics to 
resolve backbone relationships. For instance, character C40 state S1: hairy tube may 
be present in unrelated Idolothripini genera and three Pygothripina genera 
(Cleistothrips, Ecacleistothrips, Pygothrips), but is found in combination with 
presence of sternopleural suture in the three Pygothripina members, and the lack of 
metathoracic sternopleural suture only in the Idolothripina. The problem with 
combination of characters in systematics practices is that there are often cases where 
it is difficult to justify prioritizing one character over others, and these characters 
have been utilised almost at random on a case by case basis, justified by the taxa in 
question being an exception to the larger scheme.  
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3.5 CONCLUSION 
This chapter attempted to reconstruct the phylogeny of Idolothripinae using 
morphological markers. The inferred topology is not yet robust, and the monophyly 
of the tribes and subtribes are largely not supported or not resolved. However, the 
phylogeny is not completely divergent from the MP83 proposal, as there are 
identifiable major clades corresponding to several MP83 subtribes and also the broad 
notion of MP83’s hypothesis about the Pygothripini taxa as basal lineage and the 
Idolothripini taxa as the derived lineage. The character study process demonstrated 
that the utility of morphological characters in phylogenetics are technically 
challenging in this group and their apparent high levels of plesiomorphies and 
homoplasy, which explained why conventional classification, generic and 
suprageneric definition have been so difficult. Critical comparative morphological 
study in search of homology and their variation has led to better understanding of 
some morphological characters, which may be used to improve Idolothripinae 
systematics. There are strong reasons to suggest that morphology of Idolothripinae 
may have limited utility as a stand-alone data source for phylogenetic inference at the 
subfamily level. Phylogenetic studies based on independent sources of data, in 
particular molecular data, should be pursued to allow more robust phylogenies to be 
developed and to further test the hypotheses of character evolution. This will be the 
focus of next chapter.  
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 Molecular Phylogenetics and Chapter 4:
Character Evolution of the 
Idolothripinae 
4.1 INTRODUCTION 
Molecular phylogenetics of thrips is still in an early phase. There have been few 
molecular phylogenetic studies inferring the deep level relationships of thrips over 
time, with a trend of increasing number of genes, length of sequence, and also the 
combination of nuclear and mitochondrial gene data (Buckman et al., 2013; Crespi et 
al., 1996; Morris & Mound, 2003; Mound & Morris, 2007). The most recent deep 
level multi-gene phylogenetic study was published during the course of the present 
study (Buckman et al., 2013). While Buckman et al. (2013) examined only limited 
exemplars from across the Idolothripinae, both maximum likelihood and Bayesian 
analyses suggested that the Idolothripinae was monophyletic, and that both tribes 
Idolothripini and Pygothripini were non-monophyletic. In contrast, the monophyly of 
Idolothripinae was not supported by Buckman et al. (2013) using parsimony analysis, 
as the Pygothripina was found to be sister-group to the Phlaeothripinae (Figure 1.1). 
 This chapter will utilize the five gene markers following Buckman et al. 
(2013) (COI, Histone 3, TubA, 18S rRNA and 28S rRNA) to infer the Idolothripinae 
phylogeny by sampling a broad range of Idolothripinae taxa. The phylogeny will be 
used to examine the Mound and Palmer (1983b) (MP83 hereafter) tribal 
classification system, the relationships proposed therein, the character evolution of 
several important morphologies and their utility in systematics.  
 
4.2 MATERIALS AND METHODS 
4.2.1 Taxa Selection 
The ideal to sample one representative for each of the 81 genera was unattainable, 
given that many taxa are rare, and that some genera are more speciose and appear 
more heterogeneous than others, hence requiring more exemplars for meaningful 
interpretation. Ultimately, taxon sampling depended on what was available that could 
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yield good quality DNA, which was also challenging for the Idolothripinae. Some 
genera or species were represented by multiple exemplars because different species 
of an ambiguous genus were available, or when an exemplar had missing gene thus 
other available conspecific or congeneric species were included as independent 
exemplars.  
The finalized taxa selection consisted of 75 exemplars (Table 4.1). This 
included 62 idolothripines representing 33 out of the 81 recognized Idolothripinae 
genera and all nine of the subtribes proposed in the Mound and Palmer (1983b) 
classification, two Terebrantia outgroups, and eleven phlaeothripines representing 
three major phlaeothripine lineages—the mycophagous Phlaeothrips-lineage and the 
Docessissophothripini, and the flower-feeding Haplothripini (Dang et al., 2014; 
Mound & Marullo, 1996). Some Idolothripinae genera were represented by multiple 
exemplars, due to combination of the following conditions: 1) when several species 
of an ambiguous genus were available, 2) when one exemplar species had missing 
genes, and other available congeneric members were included independently. 
Sequences obtained in the current study are indicated by the voucher identity number 
(ID-number) while sequences obtained from Genbank are indicated by the voucher 
number used in their original publication (e.g. for Buckman et al., 2013 (TH-
number)). 
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Table 4.1 Finalised taxa in molecular dataset.  
 
Taxa are grouped according to the Mound and Palmer (1983b) tribal classification. 
Phlaeothripinae lineages after Dang et al. (2014). Gene sequence noted with ‘–’ implies 
missing data; taxa noted with ‘*’ implies multiple individuals used in genomic DNA 
extraction. 
 
Taxon and ID number Locality Collector COI H3 TubA 18S rRNA 
subtribe Allothripina       
Allothrips ID38 China (Sichuan) L.X. Eow –    
Allothrips stannardi ID63 Australia (QLD) D.J. Tree     
Priesneriella ID103 Australia (TAS) 
L.A. 
Mound   – – 
Priesneriella ID24 Australia (SA) L.X. Eow    
Partial 
(lack  18S1 
& 2) 
Priesneriella ID74* Australia (TAS) 
L.A. 
Mound  – – – 
subtribe Compsothripina       
Bolothrips dentipes ID52* Germany (Wittenberg) 
L.A. 
Mound     
Compsothrips reuteri TH88 India – KC513140 KC513226 KC513323 KC512944 
subtribe Diceratothripina       
Acallurothrips sp.1 ID119 Fiji M. Hoddle – –  
Partial (lack 
18S1 & 2) 
Acallurothrips sp.2 ID78 Australia (NT) 
L.A. 
Mound  –  
Partial (lack 
18S1 & 2) 
Carientothrips  sp. nr. 
flavitibia ID57 
Australia 
(QLD) L.X. Eow     
Carientothrips acti ID69 Australia (SA) L.X. Eow –    
Carientothrips alienatus ID54* Australia (QLD) L.X. Eow     
Carientothrips calami ID58* Australia (QLD) L.X. Eow –    
Carientothrips loisthus ID50* Australia (QLD) L.X. Eow –    
Carientothrips miskoi ID44 Australia (QLD) 
K. 
Thomson     
Carientothrips mjobergi ID55* Australia (QLD) L.X. Eow –    
Carientothrips palumai ID66 Australia (QLD) L.X. Eow     
Neosmerinthothrips ID9 Malaysia (Terengganu) Y.F. Ng     
Nesothrips badius ID59* Australia (QLD) L.X. Eow     
Nesothrips lativentris ID51* Malaysia (Selangor) L.X. Eow     
Nesothrips minor ID49* Malaysia (Johor) L.X. Eow     
Nesothrips propinquus TH52 Australia (ACT) – – KC513268 KC513364 KC512988 
Sporothrips amplus ID104 USA (Florida) 
L.A. 
Mound   – – 
Sporothrips amplus ID43 USA (Florida) 
L.A. 
Mound     
subtribe Elaphrothripina       
Anactinothrips ID17 
Panama 
(Cerro 
Campana) 
L.A. 
Mound     
Dinothrips sumatrensis ID4 Malaysia (Terengganu) Y.F. Ng –    
Elaphrothrips curvipes ID47 Australia (ACT) L.X. Eow   
ID47 & 
ID72  
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Elaphrothrips ID106 Costa Rica (San Jose) 
M. 
Hoddle   –  
Malesiathrips australis ID8 Australia (QLD) L.X. Eow –    
Mecynothrips wallacei ID33 Australia (QLD) L.X. Eow     
Ophthalmothrips TH79 South Africa – KC513178 KC513269 KC513365 KC512989 
subtribe Gastrothripina       
Gastrothrips acutulus ID12 Malaysia (Terengganu) Y.F. Ng     
subtribe Hystricothripina       
Atractothrips bradleyi ID42* USA (Florida) 
L.A. 
Mound ID88    
Holurothrips ornatus ID20 Malaysia (Selangor) Y.F. Ng ID132    
subtribe Idolothripina       
Bactrothrips idolomorphus 
ID7 
Malaysia 
(Selangor) L.X. Eow     
Bactrothrips kranzae ID77 Australia (SA) 
L.A. 
Mound    
Partial (lack 
18S3) 
Bactrothrips TH90 Australia (VIC) – KC513135 KC513217 KC513314 KC512935 
Idolothrips dissimilis ID34 Australia (QLD) L.X. Eow     
Idolothrips spectrum TH18 Australia (SA) – – KC513257 KC513353 KC512977 
Meiothrips menoni ID129 Thailand M. Hoddle   – 
Partial (lack 
18S3) 
subtribe Macrothripina       
Celidothrips camelus ID19 Australia (QLD) 
G. 
Monteith –    
Celidothrips nr. camelus 
ID117 Fiji 
M. 
Hoddle –  –  
Ethirothrips australiensis ID71 Australia (SA) L.X. Eow   – – 
Ethirothrips barretti ID32 Australia (QLD) L.X. Eow –    
Diaphorothrips ID118 Fiji M. Hoddle – –   
Ethirothrips ID79 Australia (NT) 
L.A. 
Mound     
Ethirothrips stenomelas ID96 Australia (QLD) L.X. Eow     
Herathrips nativus ID62 Australia (QLD) D.J. Tree     
Machatothrips  lentus ID6 Malaysia (Selangor) L.X. Eow     
Macrothrips papuensis TH86 Papua New Guinea – – KC513263 KC513359 KC512983 
subtribe Pygothripina       
Cryptothrips amneius TH114 Australia (ACT) – – KC513319 KC513229 KC512946 
Emprosthiothrips niger ID68 Australia (SA) L.X. Eow     
Heptathrips cumberi ID105 Australia (SA) L.X. Eow yes – yes 
partial (lack 
18S3) 
Heptathrips cumberi ID27 Australia (SA) L.X. Eow – – yes yes 
Heptathrips tillyardi ID124 New Zealand M. Hoddle  –  – 
Pelinothrips ornatus ID21 Australia (QLD) D.J. Tree     
Phaulothrips inquilinus TH19 Australia (SA) – KC513182 KC513272 KC513369 KC512994 
Phaulothrips kranzae ID14 Australia (NSW) 
L.A. 
Mound     
Phaulothrips kranzae TH126 Australia (SA) – – KC513273 KC513370 KC512995 
Phaulothrips sp.n. ID18 Australia (QLD) 
L.A. 
Mound     
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Phaulothrips TH94 Australia (VIC) – – KC513274 KC513371 KC512996 
Priesneriana uptoni ID45 Aus (Norfolk Island) 
L.A. 
Mound     
Phlaeothripinae  
Docessissophothripini       
Holothrips cracens TH51 India – KC513165 KC513252 KC513348 KC512972 
Holothrips ID35 Australia (QLD) L.X. Eow     
Holothrips TH50 Australia (QLD) – KC513166 KC513253 KC513349 KC512973 
Holothrips TH93 Australia (VIC) – KC513167 KC513254 KC513350 KC512974 
Phlaeothripinae  
Haplothripini       
Haplothrips froggatti TH55 – – KC513157 KC513246 KC513341 KC512964 
Haplothrips leucanthemi TH83 USA (MT) – KC513159 KC513248 KC513342 KC512966 
Haplothrips victoriensis 
TH109 
Australia 
(TAS) – KC513160 KC513249 KC513343 KC512967 
Phlaeothripinae  
Phlaeothrips-lineage       
Hoplandrothrips quadriconus 
TH119 
Australia 
(ACT) – – KC513293 KC513389 KC513016 
Hoplandrothrips TH59 – –  KC513169 KC513255 KC513351 KC512975 
Sophiothrips TH54 India – – KC513286 KC513382 KC513009 
Strepterothrips tuberculatus 
TH122 
Australia 
(WA) – KC513191 KC513288 KC513384 KC513011 
Suborder Terebrantia       
Cycadothrips chadwicki TH11 Australia (NSW) – KC513143 KC513230 KC513326 KC512947 
Thrips simplex TH45 Australia (ACT) – KC513200 KC513299 KC513395 KC513023 
 
4.2.2 Molecular Method  
Genomic DNA Extraction and Vouchers 
Prior to extraction, specimens were cleaned with absolute ethanol under a 
stereomicroscope to remove prominent exterior debris. Specimens were perforated 
several times with sterilized fine needle between abdominal segments on the ventral 
side, and then covered in fresh absolute ethanol in a 1.5µl eppendorf tube and stored 
at -20 degree until further processing. Total genomic DNA was extracted using the 
DNeasy Blood and Tissue Kit (QIAGEN) following standard manufacturer’s 
instructions except for final elution of DNA in 50µl of AE buffer for small 
specimens. Eluted DNA templates were stored at -20°C for later use. DNA content 
for each template were visualised via gel-electrophoresis using 1.5% agarose gel in 
TBE, with 1µl of template DNA + 3µl of bromophenol blue dye. Post extraction, 
specimen exoskeletons were kept in 60% ethanol until slide mounted as vouchers 
using the method in Appendix A.  
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PCR Amplification and Sequencing 
Polymerase chain reactions (PCR) were prepared in a 25µL reaction using the 
BIOLINE MyTaq HS Red DNA polymerase kit, with the following composition: 
Polymerase buffer 2µl, 1µl each of 10 pmol forward and reverse primers, 0.1µL of 
polymerase, 3µl stock MgCl2,  1-5µl genomic DNA template depending on 
concentration and the remainder of the reaction (12.9-16.9µl) made up with Milli-Q 
water. PCR amplification used the following conditions:  Initial denaturation 94°C 
for 5 min; 35 cycles of denaturation 94°C for 30 sec, annealing temperature 46°C to 
65 °C for 30 sec, and extension 72°C for 30 sec to 1 min 15 sec; final extension at 
72°C for 5 min. Information on primers combinations and primer-specific annealing 
temperature and extension times are provided in Table 4.2. Amplicons were 
visualised by TBE gel electrophoresis using GelRed DNA stain in a 1.5% agarose 
gel to evaluate amplified products. Some specimens persistently produced multiple 
PCR bands regardless of the various PCR protocols tried, suggesting non-specific 
amplification. Such amplicons were run on 1.5% agarose gels, and the targeted band 
cut out. Amplicons were purified using Bioline ISOLATE II PCR and Gel Kit 
according to manufacturer’s protocol for either PCR product or gel. Purified PCR 
products were sequenced using ABI BigDye Terminator v3.1 Cycle Sequencing 
chemistry with the following 20µl sequencing reaction: 2µl 5x SEQ Buffer, 1µl 
BigDye, 1.0µl primer, 2µl DNA template, and 14µl Milli-Q water; using the 
following cycling protocol: 96°C 1min; 30 cycles of 96°C 10sec, 50°C 5sec, 60°C 
4min; hold at 10°C until ready to purify. The sequencing-PCR products were 
purified using an ethanol/EDTA precipitation and sequenced using the AB 3500 
Genetic Analyser at the QUT-AEMF facility. Each gene was sequenced in both 
forward and reverse directions.  
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Table 4.2 Primer sequences, annealing temperatures and extension times used in 
PCR. 
 
Primers  Sequence 5’-3’ Reference Annealing Final extension 
COI  650bp    
LCO1490 F GGT CAA CAA ATC ATA AAG ATA TTG G 
(Folmer, Black, 
Hoeh, Lutz, & 
Vrijenhoek, 1994) 
53°C 0:30 
HCO2198 R TAA ACT TCA GGG TGA CCA AAA AAT CA (Folmer et al., 1994)   
COI NF F TWG GMT TTT GAT CWG GWR TWT GTG G created in this study 58°C 0:30 
COI NR R TAG GRT CHC CTC CHC CAG AAG G created in this study   
H3   338bp    
H3AF F ATG GCT CGT ACC AAG CAG ACV GC (Colgan et al., 1998) 65°C 0:45 
H3AR R ATA TCC TTR GGC ATR ATR GTG AC (Colgan et al., 1998)   
TubA  338bp    
DDVTubAF F GAR CCC TAC AAY TCY ATT CT Buckman et al. 2013 50° C 0.50 
DDVTubAR R GAA ACC RGT KGG RCA CCA GTC Buckman et al. 2013   
TH TubAF** F ACA YTC VGA YTG YGC CTT CAT GG Buckman et al. 2013 56.6° C 0:45 
TH 
TubAR** R CGG TAC ARG AKR CAG CAV GCC AT Buckman et al. 2013   
18S rRNA  1700bp    
18S 1.2F F TGC TTG TCT CAA AGA TTA AGC  59.2°C 1:15 
18S THb2.9 R TAT CTG ATC GCC TTC RAA CCT C Buckman et al. 2013   
18S a0.7 F GCT CGT AGT TGG ATC TGT GY Buckman et al. 2013 59.2°C 1:15 
18S THbi R GTT AGY AGG YTA GAG TCT CGT TCG Buckman et al. 2013   
18S a2.0 F ATG GTT GCA AAG CTG AAA C Whiting 2002 59.2°C 1:15 
18S 9R R GAT CC TTC CGC AGG TTC ACC TAC Whiting 2002   
28S rRNA  2000bp    
28S THrd1a F AAG GAT TCC STY AGT AGC GG Buckman et al. 2013 52° 1:15 
28S B R TCG GAA GGA ACC AGC TAC Whiting 2002   
28S THrd3a* F CAC AAG TAC CGT GAG GGA AA Buckman et al. 2013   
28S THrd3b* R TTT CCC TCA CGG TAC TTG TG Buckman et al. 2013   
28S A F GAC CCG TCT TGA AGC ACG Whiting 2002 46° 1:15 
28S rD7b1 R GAC TTC CCT TAC CTA CAT Whiting 2002   
28S Rd4.8a* F ACC TAT TCT CAA ACT TTA ATG G Whiting 2002   
28S rD5b* R CCA CAG CGC CAG TTC TGC TTA C Whiting 2002   
*internal primers used only during sequencing. 
**Nested PCR, only nested primers used in sequencing. 
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Sequence Editing and Alignment 
Sequence were visualised, edited and aligned in Geneious 6.0 
(http://www.geneious.com, Kearse et al. 2012), following the workflow in Figure 
4.1. Raw reads of the forward and reverse directions for each gene were assembled 
into a contig. Contigs were routinely annotated for their 5’ and 3’ trim-regions, areas 
with low confidence base calls, and heterozygosity (80% peak similarities). Contigs 
were then checked manually for assembly errors (such as those caused by incorrectly 
inserted gaps) and to apply ambiguity codes to putative heterozygous bases 
(positions with matching directions multiple peaks). Consensus sequences were 
extracted, renamed with their specimen ID-number, and BLAST (Altschul, Gish, 
Miller, Myers, & Lipman, 1990) searched against Genbank (blastn and tblastx) to 
check for suspicious non-target sequences. Protein coding genes (COI, TubA, H3) 
were aligned by MUSCLE (Edgar, 2004) and checked against their translated amino 
acid codon sequences and reading frame using the ‘display-translation’ function in 
Geneious. Ribosomal RNA-encoding genes were aligned using the E-INS-i strategy 
in MAFFT v7.017 (Katoh, Misawa, Kuma, & Miyata, 2002). Highly variable indel 
and expansion regions were removed using GBLOCKS Version 0.91b (Castresana, 
2000; Talavera & Castresana, 2007) as implemented on the server 
(http://molevol.cmima.csic.es/castresana/Gblocks_server.html) using the ‘less 
stringent’ parameters (which allow smaller final blocks, gap positions in final blocks, 
and less strict flanking positions). Primer binding regions were trimmed off in the 
finalized alignments.  Those sequences which were not full length were included in 
the alignment with missing bases present as gaps. All gaps within the alignment were 
treated as missing data in phylogenetic analyses. Each gene was aligned 
independently and then concatenated using tool function of ‘Concatenate Sequences 
or Alignments’ to produce a final dataset. 
 
Partitioning & Nucleotide Substitution Model Selection 
PartitionFinder V1.1.1 (Lanfear, Calcott, Ho, & Guindon, 2012) was used to search 
for the optimal partitioning scheme and the best-fit nucleotide substitution models 
simultaneously. The concatenated alignment was divided into ten possible partitions 
(by codon for each of the coding genes COI, H3, and TubA, and by gene for the 18S 
rRNA) and analysed in PartitionFinder under AIC model selection, using linked 
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branch lengths and the ‘greedy’ search algorithm. A ten-partition scheme was found 
to be optimal (Appendix H).  
 
Figure 4.1 General workflow of sequence editing and alignment in Geneious 6.0 
(Kearse et al., 2012). 
 
 
 
4.2.3 Phylogenetic Analyses and Character Mapping 
ML analyses were performed using RAxML (Stamatakis, 2006) on RAxML 
Blackbox (Stamatakis, Hoover, & Rougemont, 2008), with 100 rapid bootstrap 
replicates and GTR + GAMMA + I model as the most parameterised models found 
by PartitionFinder for the ten individual partitions (Appendix H). Bayesian analyses 
were conducted using MrBayes 3.2.2 (Ronquist et al., 2012), using various computer 
platforms including local laptop (Intel, Core i7-2640M, 2.80GHz), QUT-HPC using 
batch command scripts, and Cipres Science Gateway (Miller, Pfeiffer, & Schwartz, 
2010), with the last platform used for final analyses as it was most efficient. DNA 
substitution models suggested by PartitionFinder for each of the ten partitions were 
translated into MrBayes runfile (Appendix I). The default two independent analyses 
(nrun=2) and four MCMC chains (nchain=4) of one cold chain and three hot chains 
heating scheme were used, running for 38 million generation and sampling every 
1000 generation. To ensure that Bayesian runs had converged, the stationarity of the 
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MCMC chain was assessed by observing the average standard deviation of split 
frequencies of the two runs (stationarity reached when standard deviation of split 
frequencies of the two runs < 0.01), an overlay plot of the two runs (log probability 
plateau) from the job log, and through visual assessment of parameter values (.p file) 
in Tracer v1.6 (Rambaut, Suchard, Xie, & Drummond, 2014). The default burn-in 
value was used, conservatively discarding 25% of samples from the cold chain 
before generating a 50% majority consensus tree. Trees were visualised in FigTree 
v1.4.0 (Rambaut, 2012) and edited in Adobe Illustrator CS5. Character mapping 
analyses were performed on one selected topology to explore the utility of 
morphological characters in systematics and the pattern of character evolution. 
Details of character mapping studies are provided in the results section under ‘4.3.3 
Character Mapping’. 
 
4.3 RESULTS 
4.3.1 Sequence Alignment 
The final concatenated dataset was 3184 bp in length, and alignment statistics are 
tabulated in Table 4.3. The 18S rRNA gene region was highly conserved with 71.2% 
of invariant sites compared with COI, H3 and TubA which had 37%, 48.5% and 
52.8% invariant site respectively. 
 
Table 4.3 Alignment statistics of four genes: COI, H3, TubA, 18S rRNA. 
 
COI 
662 bases for 54 taxa 
Identical Sites: 245 (37.0%); 
Pairwise % Identity: 79.6% 
H3 
328 bases for 67 taxa 
Identical Sites: 159 (48.5%); 
Pairwise % Identity: 85.1% 
TubA 
326 bases for 68 taxa; 
Identical Sites: 172 (52.8%); 
Pairwise % Identity: 83.8% 
18S rRNA 
1859 bases for 68 taxa; 
Identical Sites: 1,323 (71.2%); 
Pairwise % Identity: 95.2% 
 
Amplification and sequencing of Idolothripinae species were problematic, with 
each of the following issues frequently occurring i) amplification failed for one or 
more genes, ii) non-target fragments were amplified, or iii) the sequenced gene 
included high heterozygote sites, or iv) sequencing errors or failure.  
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The first two amplification problems were particularly true for COI, and this 
had likely been previously encountered by Buckman et al. (2013) as their dataset had 
missing COI sequences for many exemplars across the whole order. For some taxa in 
the Celidothrips, Ethirothrips, and Dinothrips the failure to amplify was persistent 
despite the use of newly extracted DNA templates and multiple PCR cycling 
protocols. In contrast, the Phlaeothripinae species sampled in this study always had 
good amplification and sequencing results, but due to the limited sampling of this 
taxon this impression is merely suggestive. Some taxa were sequenced following gel-
purification to extract the desired fragment size, but taxa sequenced by gel-
purification often subsequently failed to sequence or returned messy chromatograms 
suggestive of multiple amplicons or contamination. Finally it was also not 
uncommon for BLAST results of COI contigs to have their highest matches with 
fungi, suggesting that contamination by food sources could be a major issue in DNA 
work with this taxon.  
 H3 and Tub usually amplified well but sequences often displayed double, and 
sometimes triple peaks in the chromatograph in both the forward and reverse 
sequence reactions. This was interpreted as multiple alleles of putative heterozygous 
sites. A strategy was implemented to ensure systematic base-call editing of these 
problematic contigs from H3 and TubA: 
1) Putative heterozygotes were routinely annotated by performing the “Find 
Heterozygous” function in Geneious specifying 80+ % peak-height similarity.  
2) Annotated heterozygous bases were manually checked to ensure they were 
present in both sequence directions. If a base call decision could not be made 
(e.g. a different dominant peak found in each sequence direction), I then applied 
ambiguity codes. 
The above approach ensured the resulting consensus sequences had less ambiguity 
codes, were able to be codon-aligned, and also returned consistent blastn results from 
Genbank of high similarity to other thrips species. A more conservative approach of 
assigning ambiguity codes to all double-peaked sites yielded undesirable outcomes: 
contigs could not be codon-aligned, and often returned spurious blast results. Despite 
the heterozygote sites, H3 and TubA mostly translated into the same amino acid 
sequences. It is unclear why there were fewer ambiguous bases in the H3 and TubA 
sequences from the Buckman et al. (2013) study than were found here even for 
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conspecific specimens such as Carientothrips mjobergi which were sequenced in 
both studies, but it may be a matter of different thresholds being applied for base-
calling ambiguous sites.  
Ribosomal genes were also problematic with 18S rRNA characterized by 
multiple highly conserved regions (with a high percentage of identical sites), 
flanking highly variable internal expansion regions (Figure 4.3). This pattern was 
found even between quite closely related species as exemplified by variation between 
Carientothrips spp. (Figure 4.4). Length heterogeneity between even closely related 
species has been reported widely for ribosomal RNA genes, complicating their 
alignment (Gillespie, 2004). Different alignment options in Geneious were explored 
and the E-INS-i strategy in MAFFT was selected. Initial 18S rRNA alignments were 
also exported as FASTA for treatment in Gblocks using the less stringent option, 
resulting in an alignment of 1858 bases with the following statistics:71% of the 
original 2611 positions; identical sites: 1,317 (70.9%); pairwise % Identity: 95.3%. 
While the more stringent Gblocks option (in which all gaps and open ends were 
replaced with ‘N’ instead of a dash ‘-’ or the parameter ‘does not allow gap 
positions’ will mask any such regions) only produced 1605 bases (61% of the 
original 2611 positions) but with a higher percentage of identical sites: 1,263 
(78.7%) and pairwise % identity (98.1%). The less stringent version of alignment 
was selected for analysis to retain more information. As a comparison, Buckman et 
al.'s (2013) alignment of 18S rRNA that included only a limited range of 
Idolothripinae taxa plus a wide diversity of higher level thrips taxa was 2165 bp in 
length, and did not require masking treatment with Gblocks, as ‘autapomorphic 
insertions located in expansion regions’ were reported for only three species, one of 
which was an idolothripine (Carientothrips). Based on these results, we could deduce 
the highly variable region is more extensive in the Idolothripinae than in other thrips 
taxa and is not exclusively due to Carientothrips, as highly variable regions between 
conserved flanking sites were found in other genera as well.  
The ribosomal 28S rRNA gene region was trialled but eventually excluded 
from this study due to data being available for only a limited number of taxa. I was 
unable to fully amplify the full length of 28S rDNA across idolothripines using the 
primers and conditions specified in Buckman et al. (2013). Out of the initial 39 
species trialled only ten were sequenced successfully for more than half of the full 
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length gene. The remaining 29 species were largely incomplete due to either failed 
amplifications, or sequencing errors characterized by regions of completely 
unreadable chromatograms. Alignment of the available 28S rRNA sequences 
(combining both full and partial genes) showed similar patterns of variable internal 
expansion regions to the 18S rRNA alignment.  
A general explanation for amplification and sequencing issues encountered in 
this study is the potentially suboptimal quality and purity of genomic DNA extracts 
from spore-feeding thrips. Thrips are routinely extracted whole with a perforation 
between abdominal or thoracic segments due to their small size and usually low 
DNA content. As a result endogenous contaminants from the gut including 
undigested spores (Figure 4.2), or metabolites which may inhibit PCR cannot be 
excluded from DNA extractions. This contrasts with methods applied for larger 
insect species for which extractions are typically conducted on muscle alone. Spore-
feeding species may also be more prone to external contaminants from fungal debris 
that are often difficult to clean prior to DNA extraction due to the insect’s small size. 
In addition, the gut microbe Wolbachia which is common in insects was sequenced 
persistently from two different individuals of the Malesiathrips australis when 
attempting to amplify the species’ COI gene.  
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Figure 4.2 Exoskeleton of voucher ID42 Atractothrips bradleyi post-DNA extraction 
during slide mounting process, showing large amount of spores emerging from 
broken abdominal segments. There were also spores stuck on the exterior prior to 
extraction that could not be washed off. 
 
 
 
Figure 4.3 Alignment of 18S rRNA via MAFFT-EINSi algorithm. 
 
 
 
 
Figure 4.4 Alignment of Carientothrips spp. via MAFFT-EINSi algorithm. 
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4.3.2 Topologies and Overview 
Individual Gene-Trees 
Individual single-gene trees in general lacked backbone resolution or with 
polytomies, no well-resolved major clades as apparently spurious taxa grouped 
together, and very few backbone nodes or tip relationships were well-supported 
(Appendix J-Appendix K). Because of this it was not possible to examine 
meaningfully gene tree discordance. Based on the ML topologies, the COI had some 
tip resolution but not the backbone relationships, indicating the gene was informative 
for the resolution of suprageneric clades, but was missing for about 30% of total 
exemplars (Table 4.1) and insufficient to resolve the major lineages’ relationships; 
the 18S rRNA gene region appeared to have tip resolution but could not resolve any 
backbone relationships but the oldest splits in the Idolothripinae; while both H3 and 
TubA had considerably few major clades resolved as taxa in the clades were 
spurious, and this may be due to the genes’ allelic heterozygosity which had highly 
conserved translated alignments.  
 
Concatenated Gene-Trees  
In contrast to individual gene-trees, concatenated datasets analysed with BI (Figure 
4.5) and ML (Figure 4.6) produced better resolved topologies, and were largely 
congruent between inference methods with respect to major clades and backbone 
relationships although nodal support varied between analyses. Significant nodal 
support values for BI topology were considered to be ≥ 0.90 posterior probabilities 
(PP) and for ML topology ≥ 75 bootstrap percentage (BP). BI topology had higher 
nodal support overall and a larger proportion of nodes were significantly supported 
in contrast to the ML analysis. Taxa whose relationship to well-supported clades was 
unresolved or which lacked significant nodal support, largely corresponded with 
those taxa for which individual gene data was missing (c.f. Table 4.1), or which 
previously considered to have ambiguous taxonomic placements. The BI topology 
was used as a consensus cladogram with resolved major Idolothripinae lineages 
marked #3-8 and colour-coded with corresponding subtribes sensu MP83 to facilitate 
discussion (Figure 4.7). 
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In both the ML and BI analyses, Idolothripinae was recovered as a strongly 
supported monophyletic group (PP 0.91; BP 83). Also in both analyses, the family 
Phlaeothripidae was monophyletic with Idolothripinae as one of the four major 
lineages within the family, in addition to three lineages representing a paraphyletic 
Phlaeothripinae (Figure 4.8). The three lineages of Phlaeothripinae in the BI tree 
were consistent with the classification framework as discussed in Dang et al. 
(2014)—the Docessissophothrips genus-group represented by Holothrips (PP 0.91, 
BP 84); the Phlaeothrips-lineage group is polyphyletic, represented by 
Strepterothrips and Hoplandrothrips but excluding Sophiothrips (PP 0.74, BP ns); 
and the Haplothripini lineage represented by Haplothrips (PP 1.00, BP ns). The ML 
tree, however, consistent with Buckman’s (2013) study (Figure 4.8) recovered a 
polyphyletic Phlaeothrips-lineage which also included Haplothrips (BP76). 
The deepest split within the subfamily Idolothripinae differed between the BI 
(Figure 4.5) and the ML (Figure 4.6) analyses, supporting either clade#3 
(representing most of Pygothripina) or clade#4 (the Diceratothripina-Carientothrips-
group) respectively as sister to the remainder of the subfamily. While both 
hypotheses of the most basal split in Idolothripinae are open for future testing, I 
consider the BI-topology more probable. The BI topology has higher nodal support, 
not just for this node but also for the majority of major clades, in contrast to the ML 
topology. Moreover, the study by Buckman et al. (2013) that used lower number of 
taxa relative to the present study, also found that a clade composed of Pygothripina 
exemplars plus Compsothrips was the sister to all other idolothripines including 
Carientothrips (Figure 1.1). 
Both inference methods recovered a largest, most well-resolved clade (#9), 
composed of the Diceratothripina-Nesothrips-group (clade#5) as sister to a clade#10 
which broadly corresponded with the group Macrothripina + Idolothripini as 
suggested by MP83, but with sister relationships of major lineages within being quite 
different (PP 0.9; BP 57). The middle portion of the tree contained an unresolved 
grade of taxa whose relationships were not resolved with respect to clade#9, with 
conflicting relationships as evidenced by the poor nodal support from both inference 
methods, further discussed below.  
Six major clades were recovered within the Idolothripinae that largely 
corresponded to several subtribes sensu MP83: i) Pygothripina (clade#3) included 
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10/12 Pygothripina taxa and 2 species from other subtribes; ii) Idolothripina 
(clade#6) included 6/6 Idolothripina taxa and one Hystricothripina species; iii) 
Elaphrothripina (clade#7) included 5/7 Elaphrothripina taxa with no members of 
other subtribes; iv) Macrothripina (clade#8) included 9/10 Macrothripina taxa and 
one Diceratothripina species; while Diceratothripina was largely split between two 
major clades—v) the Carientothrips-group (clade#4) composed of Carientothrips 
species and a Pygothripina species, and vi) the Nesothrips-group (clade#5) composed 
3/4 of Nesothrips species, the Neosmerinthothrips, and one species each from two 
other subtribes.  
The remaining four subtribes were underrepresented, with the exemplars either 
extensively polyphyletic (i.e. Allothripina, Compsothripina, and Hystricothripina), or 
was represented by a single species and thus monophyly could not be tested (i.e. 
Gastrothripina). The polyphyly of Hystricothripina and Compsothripina were well-
supported and was congruent between BI and ML topologies. In contrast, the 
inferred positions for Allothripina and Gastrothripina exemplars were not well-
supported, and along with the sister-group Anactinothrips + Sporothrips, the 
relationships for these taxa conflicted between the BI and ML analyses with very low 
nodal support. In the BI tree, they formed an unresolved polytomy with respect to 
clade#9 (PP 0.63), while in the ML tree the following resolutions all have non-
significant supports: Allothripina appeared to be monophyletic (BP 28), Gastrothrips 
was sister to clade#9 (BP25), and Anactinothrips + Sporothrips placed as sister of the 
core Pygothripina + Atractothrips (BP 26).  
Several taxa were found to be very distantly related from other members in 
their designate genus or subtribe sensu MP83 despite having complete sequence data 
for all four genes. These include i) Priesneriana uptoni, a Pygothripina recovered as 
sister to the Diceratothripina-Carientothrips-group (clade#4, PP 0.88, BP 48); and ii) 
Nesothrips badius, a Diceratothripina recovered as nested within the Macrothripina 
clade (#8) in a clade with Herathrips nativus and Ethirothrips australiensis (PP 0.67, 
BP 54). Other taxa which fell well outside their designated subtribes sensu MP83 but 
were missing COI data were Malesiathrips australis (Elaphrothripina) and 
Cryptothrips amneius (Pygothripina), which were both recovered in the 
Diceratothripina-Nesothrips-group (clade#5). 
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Figure 4.5 Bayesian Inference (BI) tree. Numbers shown on nodes are posterior 
probabilities, scale bar represents expected changes per site, subtribes are colour-
coded. 
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Figure 4.6 Maximum Likelihood (ML) tree. Numbers on nodes are bootstrap 
percentages, scale bar represents mean number of substitution per site, and subtribes 
are colour-coded. 
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Figure 4.7 Consensus phylogeny of the Idolothripinae based on BI cladogram.  
Major clades are numbered (1–10), branches are colour-coded to denote MP83 subtribes, 
background colours denote major recovered lineages. Nodal supports are given in the format 
BI posterior probability/ML bootstrap percentage, ‘ns’ denotes clade not supported, red 
nodes denote congruence between BI and ML with significant support (PP ≥ 0.90, BP ≥ 75).  
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Figure 4.8 Simplified cladograms illustrating outgroup relationships with the 
Idolothripinae: A) Figure modified after Buckman et al. (2013) to exclude 
phlaeothripine taxa that were not included in the current study; B) ML topology, C) 
BI topology. 
 
(A) Buckman et al. (2013) 
 
(B) ML 
 
C) BI 
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4.3.3 Character Mapping 
Fifteen characters coded in Chapter 3 and one newly defined for reproductive mode 
(C42) were scored for the molecular vouchers (Table 4.4, Table 4.5). The characters 
states were treated as unordered and optimized over the BI topology using parsimony 
state reconstruction in MESQUITE ver. 3.03 (Maddison & Maddison, 2015). The 
topologies of character mapping are provided in Figure 4.9-Figure 4.24. The results 
are discussed where relevant in the phylogeny discussion and also in section 4.4.4 
Character Evolution, in examining MP83 hypotheses on character evolution and 
polarity, and the morphological characters’ cladistic utility.  
 
Table 4.4 Characters coded for character mapping study. Character number follows 
Chapter 3. 
No. Character Category 
1 C12. alignment of maxillary stylets (laciniae) when fully 
retracted, as observed from dorsal view 
MP83 character 
2 C15. terminal sensorium of maxillary palp II MP83 character 
3 C19. number of sense cones on antenna IV MP83 character 
4 C20. basantra MP83 character 
5 C27. metathoracic sternopleural sutures MP83 character 
6 C35. number of pairs of WRS on tergite III-V MP83 character 
7 C40. tergite X (Tube) surface setae MP83 character 
8 C42. reproductive mode of oviparity versus 
ovoviviparity/viviparity 
Reproductive biology 
(new character) 
9 C23. forefemur coxa surface ridges or files in males Combat armature 
10 C24. foretarsal tooth Combat armature 
11 C38. Abdominal segments lateral specialised structures Combat armature 
12 C7. compound eye development and shape Other morphology 
13 C11. ommatidium-like structure laterally on cheeks  Other morphology 
14 C14. maxillary palp segments lengths (I & II) Other morphology 
15 C17. antennal segmentation Other morphology 
16 C22. proventriculus Other morphology 
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Table 4.5 Character states scores of sixteen morphological characters for 
Idolothripinae on BI consensus cladogram (Figure 4.9-Figure 4.24). 
 
Taxon/Character C12 
C
15 
C
19 
C
20 
C
27 
C
35 
C
40 
C
42 
C
23 
C
24 
C
38 
C
7 
C
11 
C
14 
C
17 
C
22 
Acallurothrips sp.1 ID119 1 1 2 1 2 0 1 0 0 1 3 3 0 1 1 0 
Acallurothrips sp.2 ID78 1 1 2 1 2 0 1 0 0 1 3 3 0 1 1 0 
Allothrips ID38 2 1 0 1 2 0 0 0 0 2 3 0 0 0 1 0 
Allothrips stannardi ID63 2 1 0 1 2 0 0 0 0 2 3 0 0 0 1 0 
Anactinothrips ID17 2 2 2 1 1 0 0 1 1 2 3 4 0 3 0 0 
Atractothrips bradleyi ID42* 1 2 0 0 1 1 0 0 0 0 2 1 0 0 0 0 
Bactrothrips idolomorphus ID7 0 2 2 1 1 1 1 1 0 0 0 4 0 0 0 0 
Bactrothrips kranzae ID77 2 0 2 1 1 1 1 0 0 ? 0 4 0 3 0 0 
Bactrothrips TH90 ? ? ? ? ? ? ? 0 0 ? ? 4 0 ? ? ? 
Bolothrips dentipes ID52* 0 0 1 1 1 0 0 0 0 ? 3 3 0 3 0 0 
Carientothrips acti ID69 2 1 2 1 0 0 0 0 0 2 3 2 0 1 0 0 
Carientothrips alienatus ID54* 1 1 2 1 0 0 0 0 0 2 3 4 0 1 0 0 
Carientothrips calami ID58* 1 1 2 1 0 0 0 0 0 1 3 3 0 1 0 0 
Carientothrips loisthus ID50* 1 1 2 1 0 0 0 0 0 2 3 1 0 1 0 0 
Carientothrips miskoi ID44 1 1 2 1 0 0 0 0 0 2 3 4 0 1 0 0 
Carientothrips mjobergi ID55* 1 1 2 1 0 0 0 0 0 2 3 4 0 1 0 0 
Carientothrips sp. nr. flavitibia ID57 1 1 2 1 0 0 0 0 0 2 3 4 0 1 0 0 
Carientothrips palumai ID66 1 1 2 1 0 0 0 0 0 2 3 3 0 1 0 0 
Celidothrips camelus ID19 2 0 2 1 1 0 0 0 0 1 3 4 0 3 0 0 
Celidothrips nr. camelus ID117 2 0 2 1 1 0 0 0 0 1 ? 4 0 3 0 ? 
Compsothrips reuteri TH88 1 0 0 1 0 0 0 0 0 1 3 3 0 3 0 0 
Cryptothrips amneius TH114 3 2 1 1 0 0 0 0 0 2 3 3 0 3 0 0 
Cycadothrips chadwicki TH11 ? ? ? ? ? ? ? 0 0 0 3 3 0 ? 2 0 
Diaphorothrips ID118 1 0 2 1 1 0 0 0 0 2 3 4 1 3 0 0 
Dinothrips sumatrensis ID4 1 0 2 1 1 1 0 0 0 1 3 4 0 0 0 1 
Elaphrothrips curvipes ID47 0 0 2 1 1 1 0 1 0 2 3 4 0 3 0 1 
Elaphrothrips ID106 0 0 2 1 1 1 0 ? 0 2 3 4 0 3 0 1 
Emprosthiothrips niger ID68 ? 0 0 1 0 ? 0 0 0 0 3 2 0 3 0 0 
Ethirothrips ID79 1 0 2 1 1 0 0 1 0 1 3 4 0 3 0 0 
Ethirothrips barretti ID32 1 0 2 1 1 0 0 0 0 1 3 4 0 3 0 0 
Ethirothrips australiensis ID71 0 0 2 1 1 0 0 0 0 2 3 4 0 3 0 0 
Ethirothrips stenomelas ID96 1 0 3 1 1 0 0 0 0 1 3 4 1 3 0 0 
Gastrothrips acutulus ID12 0 2 1 1 0 0 0 0 0 2 3 3 0 0 0 0 
Haplothrips froggatti TH55 ? ? ? ? ? ? ? ? 0 ? 3 ? ? ? ? 0 
Haplothrips leucanthemi TH83 ? ? ? ? ? ? ? ? 0 ? 3 ? ? ? ? 0 
Haplothrips victoriensis TH109 ? ? ? ? ? ? ? ? 0 ? 3 ? ? ? ? 0 
Heptathrips cumberi ID105 3 0 0 0 2 0 0 0 0 1 3 3 0 0 1 0 
Heptathrips cumberi ID27 3 0 0 0 2 0 0 0 0 1 3 3 0 0 1 0 
Heptathrips tillyardi ID124 3 0 0 0 2 0 0 0 0 1 3 3 0 0 1 0 
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Herathrips nativus ID62 0 0 2 1 1 0 0 0 0 1 3 4 1 0 0 0 
Holothrips cracens TH51 ? ? ? ? ? ? ? ? 0 ? 3 ? 0 ? ? 0 
Holothrips ID35 3 2 2 0 0 1 0 0 0 1 3 4 0 0 1 0 
Holothrips TH50 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 
Holothrips TH93 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 
Holurothrips ornatus ID20 0 0 0 1 1 2 1 0 0 0 2 4 0 0 0 0 
Hoplandrothrips quadriconus TH119 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 
Hoplandrothrips TH59 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 
Idolothrips dissimilis ID34 0 2 2 1 1 1 1 0 0 0 1 4 0 0 0 0 
Idolothrips spectrum TH18 0 2 2 1 1 1 1 0 0 0 1 4 0 0 0 0 
Machatothrips  lentus ID6 1 0 2 1 1 0 0 1 0 1 3 4 0 0 0 0 
Macrothrips papuensis TH86 1 ? 3 1 1 0 0 0 0 1 3 4 0 ? 0 0 
Malesiathrips australis ID8 0 0 2 1 1 1 0 0 0 0 2 2 0 0 0 0 
Mecynothrips wallacei ID33 0 0 2 1 1 2 0 0 0 2 2 4 0 3 0 1 
Meiothrips menoni ID129 0 2 2 1 1 1 1 1 0 0 3 4 0 3 0 0 
Neosmerinthothrips ID9 0 2 2 1 0 0 0 0 0 1 3 4 0 3 0 0 
Nesothrips badius ID59* 1 0 2 1 1 0 0 0 0 2 3 4 0 3 0 0 
Nesothrips lativentris ID51* 1 0 2 1 0 0 0 0 0 2 3 4 0 3 0 0 
Nesothrips minor ID49* 0 2 2 1 0 0 0 0 0 2 3 4 0 3 0 0 
Nesothrips propinquus TH52 0 2 2 1 1 0 0 0 0 2 3 4 0 3 0 0 
Ophthalmothrips TH79 ? ? ? ? ? ? ? 0 0 ? 3 ? 0 ? ? ? 
Pelinothrips ornatus ID21 2 2 0 1 0 0 0 0 0 2 3 4 0 1 0 0 
Phaulothrips sp.n. ID18 3 0 0 1 0 0 0 0 0 2 3 4 0 3 0 0 
Phaulothrips inquilinus TH19 3 ? 0 1 0 0 0 0 0 1 ? 4 0 ? 0 0 
Phaulothrips kranzae ID14 3 0 0 1 0 0 0 0 0 1 3 4 0 1 0 0 
Phaulothrips kranzae TH126 3 0 0 1 0 0 0 0 0 1 3 4 0 1 0 0 
Phaulothrips TH94 ? ? ? ? ? ? ? 0 0 ? ? 4 0 ? 0 0 
Priesneriana uptoni ID45 2 2 2 1 0 0 0 0 0 0 3 3 0 0 1 0 
Priesneriella sp.n. ID103 1 2 0 1 2 0 0 0 0 2 3 0 0 3 1 0 
Priesneriella sp.n. ID24 1 2 0 1 2 0 0 0 0 2 3 0 0 3 1 0 
Priesneriella sp.n. ID74* 1 2 0 1 2 0 0 0 0 2 3 0 0 3 1 0 
Sophiothrips TH54 ? ? ? ? ? ? ? ? 0 ? ? ? 0 ? ? 0 
Sporothrips amplus ID104 2 2 2 1 0 0 0 0 1 1 3 4 0 3 0 0 
Sporothrips amplus ID43 2 2 2 1 0 0 0 0 1 1 3 4 0 3 0 0 
Strepterothrips tuberculatus TH122 ? ? ? ? ? ? ? ? 0 ? ? ? 0 ? ? ? 
Thrips simplex TH45 ? ? ? ? ? ? ? 0 0 0 3 3 0 ? ? 0 
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Figure 4.9 Character distribution of C12: Alignment of maxillary stylets (laciniae) 
when fully retracted, as observed from dorsal view 
 
State S0 Stylets widely spaced and V shaped, short to medium in length, and associate with 
short levers; head usually short, if head long stylets retracted low in head (Plate 3.8 A–C, D, 
G–H) 
State S1 Stylets widely spaced and V to U shaped, longish, and usually associate with long 
levers; stylets retracted deep in head often up to eye level (Plate 3.7, 3.8 E–F, I) 
State S2 Stylets narrowly aligned (about one third of head width apart) and parallel or 
subparallel in shaped, associate with long levers; stylets retracted deep into head up to eye 
level (Plate 3.9 A–C) 
State S3 Stylets narrowly aligned (often close together in the middle) and parallel shaped, 
associate with long levers; stylets often retracted beyond eye posterior margin (Plate 3.9 D–F) 
 
(Mapping Figure 1/16) 
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Figure 4.10 Character distribution of C15: Terminal sensorium of maxillary palp II 
 
State S0 appears like normal sensorial seta, not particularly enlarged (supplementary: labial 
palp II terminal sensorium not enlarged) 
State S1 enlarged and cone shaped, with appearance like a third segment palpus 
(supplementary: same condition for the labial palp II terminal sensorium) (Plate 3.10 D–E).  
State S2 appears large but prominently setal-like (additionally also same condition for the 
labial palp II terminal sensorium) 
 
 
 
(Mapping Figure 2/16) 
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Figure 4.11 Character distribution of C19: Number of sense cones on antenna IV. 
 
State S0 two 
State S1 three 
State S2 four 
State S3 five 
 
 
 
(Mapping Figure 3/16) 
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Figure 4.12 Character distribution of C20: Basantra. 
 
State S0 absent 
State S1 present 
 
 
 
(Mapping Figure 4/16) 
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Figure 4.13 Character distribution of C27: Metathoracic sternopleural sutures. 
 
State S0 present (Plate 3.18 A–B) 
State S1 absent 
State S2 ambiguous due to eroded sclerite (Plate 3.18 C–D) 
 
 
 
(Mapping Figure 5/16) 
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Figure 4.14 Character distribution of C35: Number of pairs of WRS on tergite III-V. 
 
State S0 one pair 
State S1 two pairs 
State S2 three or more pairs 
 
 
 
(Mapping Figure 6/16) 
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Figure 4.15 Character distribution of C40: Tergite X (Tube) surface setae 
 
State S0 bald (completely glabrous/ surface with setal pores/ minute setae) 
State S1 prominently hairy (fine to stout setae) 
 
 
 
(Mapping Figure 7/16) 
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Figure 4.16 Character distribution of C42: Reproductive mode of oviparity versus 
ovoviviparity/viviparity 
 
State S0 oviparity 
State S1 viviparity or ovoviviparity (observed well-developed embryo in female taxonomic 
specimens, or from literature records).  
 
 
 
(Mapping Figure 8/16) 
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Figure 4.17 Character distribution of C23: Male forefemur coxa surface with ridges 
or files 
 
S0 absent 
S1 present 
 
 
 
(Mapping Figure 9/16) 
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Figure 4.18 Character distribution of C24: Foretarsal tooth. 
 
State S0 Absent in male and female 
State S1 Present in male and female 
State S2 Present in male only 
 
 
 
(Mapping Figure 10/16) 
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Figure 4.19 Character distribution of C38:  Abdominal segments lateral specialised 
structures. 
 
State S0 drepanae present in male (Plate 3.29 C–D) 
State S1 modified setae on tubercles in male 
State S2 lateral tergals mounted on tubercles in both sexes (Plate 3.29 A) 
State S3 no specialised abdominal armature or modified setae 
 
 
 
(Mapping Figure 11/16) 
  
 233 
Figure 4.20 Character distribution of C7: Compound eye development and shape. 
 
State S0 Eyes appear reduced with a few loosely packed ommatidia (usually < 10 from 
dorsal surface); facets large, bulgy, or irregularly shaped (Plate 3.3 A, D). 
State S1 Eyes appear reduced with a few tightly packed ommatidia (usually < 10 from dorsal 
surface); facets large, bulgy, or irregularly shaped (Plate 3.3 B–C). 
State S2 Eyes appear not reduced with numerous tightly packed ommatidia; facets large and 
hemispherical, mostly regular in shape (Plate 3.4 A–B). 
State S3 Eyes appear not reduced but with numerous ommatidia loosely packed with gaps 
(wing-reduced morphs may have slightly less facets but still more than ten from dorsal 
count); facets circular or slightly hemispherical (Plate 3.3 E–I). 
State S4 Eyes appear highly developed with numerous tightly packed ommatidia; facets 
circular, hemispherical or angled (Plate 3.4 C–F). 
 
(Mapping Figure 12/16) 
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Figure 4.21 Character distribution of C11: A pair of ommatidium-like structure on 
lateral margin of cheeks. 
 
State S0 absent 
State S1 present (Plate 3.4 C) 
 
 
 
(Mapping Figure 13/16) 
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Figure 4.22  Character distribution of C14: Relative length between maxillary palp 
segments I and II. 
 
State S0 Segment I quadrate (L < 2x W); II significantly longer (≥ 4x of I) 
State S1 Segment I elongate (L ≥ 2x W); II longer but not significantly (≤ 1.5x of I) 
State S2 Segment I elongate (L ≥ 2x W); II significantly longer (≥ 2x of I) 
State S3 Segment I quadrate (L < 2x W); II longer and appear short (1.5-3.5x of I) 
 
 
 
(Mapping Figure 14/16) 
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Figure 4.23 Character distribution of C17: Antennal segmentation. 
 
State S0 antennae 8-segmented; each segments distinctively differentiated (Plate 3.12 I–K)  
State S1 antennae less than 8-segments; suture in between the joined terminal segments 
absent (segments completely fused), or present and incomplete (partially fused), or present 
and complete but the joined terminal segments appear lanceolate in shape as a whole (Plate 
3.12 D–H) 
State S2 antennae 9-segmented (newly defined here for outgroup Cycadothrips) 
 
 
 
(Mapping Figure 15/16) 
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Figure 4.24 Character distribution of C22: Proventriculus. 
 
State S0 absent 
State S1 present (observed from around prothoracic or metathoracic region) 
 
 
 
(Mapping Figure 16/16) 
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4.4 DISCUSSION 
Topological resolution between the two inference methods used, BI and ML, were 
largely concordant in the major groupings they identified, but some taxa were not 
resolved, not all well-resolved clades were robustly supported. The tree backbone 
possesses only general resemblances to the proposed relationships between the 
subtribes with respect to the Idolothripinae basal lineage versus the most resolved 
lineage proposed by MP83, despite the relationships between the subtribes being 
quite different. Consequently, the hypothesized direction of character evolution for 
most major morphological characters within the subfamily is also not supported. The 
recovered lineages and their relationships that stand in contrast to the classification 
and evolutionary hypotheses proposed in the classification scheme by MP83 (Figure 
3.1, section 3.1.2), will be discussed in more detail below.  
Previous systematics literature on the classification of the Idolothripinae has 
seen much discussion about notions of a ‘primitive group/proto-Idolothripinae’ with 
plesiomorphies versus ‘advanced/derived group’ with derived morphology as 
reflected in the MP83 dendrogram (Figure 3.1). As discussed in several publications 
by Michael Crisp and colleagues (Crisp & Cook, 2005; Omland, Cook, & Crisp, 
2008) incorrect interpretations of phylogenetic trees can occur by misinterpreting the 
deepest split (aka ‘basal clade/early branching group’) as being ‘primitive/ancestral’, 
or by perceiving the direction of the topology (e.g. order of clades from left to right, 
or bottom up) as representing a ladder of evolutionary progression. As a guide to the 
following discussion, I will address only i) natural lineages/groupings within the 
Idolothripinae, as represented by monophyletic clades, and ii) well-supported 
relationships between these clades. Where relevant, I will clarify some of the 
imprecise phylogenetic terminologies and character evolution trends denoted in 
conventional practice of Idolothripinae systematics.  
 
4.4.1 Monophyly of the Subfamily Idolothripinae and its Relationship with the 
Phlaeothripinae Outgroups 
This study did not intend to critically test the monophyly of Idolothripinae. 
Regardless, several phlaeothripids from the subfamily Phlaeothripinae were included 
in the analyses without constraining them as outgroups. The results in both analyses 
support a monophyletic Idolothripinae, distinct from the paraphyletic 
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Phlaeothripinae, as concordant with Buckman et al. (2013). The Idolothripinae is 
recovered as a monophyletic clade, sister to a clade containing a portion of the 
phlaeothripines: members of the Phlaeothrips-lineage and the Haplothripini, but 
excluding Holothrips and Sophiothrips. Therefore, molecular phylogenetic 
inferences in current study and also by Buckman et al. (2013) support the hypothesis 
of monophyletic Idolothripinae distinct from a paraphyletic Phlaeothripinae.  
Sophiothrips  was originally placed in the Williamsiella genus-group along 
with some moss-feeding species possessing short maxillary stylets (Stannard, 1957), 
but was most latest transferred to the Hoplothripina and considered to be closely 
related to Hoplothrips in the Phlaeothrips-lineage along with other fungal hyphae-
feeding Phlaeothripinae (Mound, 1989), although Dang et al. (2014), and Mound and 
Marullo (1996) still list Sophiothrips under Williamsiella genus-group. We recovered 
Sophiothrips as a sister to all other phlaeothripids and distant from the 
Hoplandrothrips and Strepterothrips, thus the Phlaeothrips-lineage is polyphyletic, 
as congruent with findings in Buckman et al. (2013). Monophyly of the 
Phlaeothrips-lineage is therefore not supported by either the present study or by 
Buckman et al. (2013). It should be noted however that COI data for this exemplar 
was missing in both studies.  
We are now confident that Holothrips of the tribe Docessissophothripini is not 
closely related to the Idolothripinae despite possessing intermediately broad 
maxillary stylets between that of Idolothripinae and the Phlaeothripinae. Members of 
the Docessissophothripini were previously placed in the Idolothripinae (Priesner, 
1961), but later transferred to the Phlaeothripinae based on other morphological 
evidences (Mound & Palmer, 1983b). Holothrips in particular have maxillary stylets 
internal width ranging 4-8 microns (Dang et al., 2014), with some species found to 
have small fungal spores and hyphae in their gut which is hypothesized to be a partial 
adaptation to a spore-feeding habit (Mound & Palmer, 1983b). In the current study 
Holothrips is recovered as sister to a clade composed of the remaining 
phlaeothripines (excluding Sophiothrips) plus Idolothripinae with significant nodal 
support (PP 0.91; BP 84). These relationships contrasted the consensus topology 
found by Buckman et al. (2013) in which phlaeothripines were monophyletic with 
the exception of Sophiothrips and Baenothrips (not included in the present analysis) 
(Figure 1.1, Figure 4.8). Considering that Buckman et al. (2013) had more extensive 
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sampling within the Phlaeothripinae, and sequenced an additional gene for all taxa, 
the different placement of Holothrips in the two studies suggests that phylogenetic 
resolution within the Phlaeothripinae is sensitive to both gene and taxon selection. 
Regardless, we are now sure that Holothrips is not closely related to the 
Idolothripinae despite sharing rather wide maxillary stylets.  
 
4.4.2 Major Lineages in the Idolothripinae and Their Phylogeny 
Current molecular phylogenetic analyses indicate that none of the proposed MP83 
tribes and subtribes truly represents monophyletic assemblages. However, six major 
lineages are recovered here and correspond quite closely with some of the subtribes 
proposed by MP83—the Pygothripina, Idolothripina, Elaphrothripina, Macrothripina, 
and the Diceratothripina being polyphyletic but was quite well-resolved into two 
distantly related clades (Carientothrips-group and Nesothrips-group).  
 
Tribe Pygothripini is Polyphyletic 
Pygothripini sensu MP83 contains six subtribes (Figure 3.1), Pygothripina, 
Allothripina, Compsothripina, Gastrothripina, Diceratothripina, and Macrothripina. 
MP83 defined members of this tribe with the following major diagnostic traits—one 
pair of tergal WRS, glabrous tube, metathoracic anapleural sutures always complete, 
and metathoracic sternopleural sutures present. These traits are applied in different 
combinations to define different subtribes, but there are always some exceptions 
where species are described as divergent members within their designated taxon (e.g. 
two Phaulothrips species with two pairs of tergal WRS, or the metathoracic 
sternopleural suture can be absent (pg.20, MP83)). Characters such as number of 
sense cones on antennal segment IV, total number of antennal segments, alignment 
of maxillary stylets, are highly variable, but some character states in particular those 
exhibited by the Pygothripina and Allothripina are considered plesiomorphies or 
‘least-advanced’. The relationship between most subtribes within Pygothripini are 
unclear, but MP83 postulated the following—Pygothripina is the closest entity to 
‘proto-Idolothripinae’ (pg.21, MP83), with Allothripina as the sister-group or derived 
from within Pygothripina; Gastrothripina is potentially a sister-group of Bolothrips 
(included in the Compsothripina); the Diceratothripina remains uncertain; and the 
Macrothripina might be a sister-group of tribe Idolothripini. 
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The first branching lineage for the Idolothripinae is the Pygothripina (BI 
topology), although an alternative but less convincing hypothesis suggest the 
Diceratothripina Carientothrips-group (ML topology). The basal Pygothripina 
scenario in the BI tree corroborates with the MP83 hypothesis that the Pygothripina 
represents a ‘proto-Idolothripinae’ group as understood at that time. However, it is 
incorrect to assume that the less speciose of the two clades formed by the earliest 
split in a phylogenetic tree must necessarily constitute an ancestral assemblage. Thus, 
in the following discussions we can discard any preconceived idea that Pygothripina 
as being an ‘ancestral’ lineage and that the Idolothripini being ‘derived’—they are all 
extant Idolothripinae lineages, and Pygothripina is simply a less specious sister-
group to all other idolothripines. Instead, we focus on the relative relationships 
between individual subtribes that form major clades in the topology.  
We currently know that none of the six subtribes under the Pygothripini 
proposed by MP83 are monophyletic. Only four major clades are formed here 
representing the Pygothripina (#3), a polyphyletic Diceratothripina in two major 
clades, the Carientothrips-group (#4) and Nesothrips-group (#5), and Macrothripina 
(#8). The rest of the sampled exemplars for Allothripina, Gastrothripina, 
Compsothripina and Diceratothripina-Sporothrips, are either not resolved, or 
underrepresented and polyphyletic. Topological incongruence was found between the 
BI and ML analyses for the exemplars of Allothripina, Diceratothripina-Sporothrips, 
and Gastrothripina, but the inferred positions have weak nodal support in each 
analysis, indicating their unreliable resolution. The Pygothripina, Diceratothripina 
Carientothrips-group, and a collection of the other Pygothripini subtribes form an 
unresolved grade with respect to the largest resolved clade (#9). The monophyly of 
Pygothripini is therefore firmly rejected. 
Relationship hypotheses in the Pygothripini sensu MP83 are evaluated as 
follows:  
i) the hypotheses that the Allothripina is sister-group to the Pygothripina, or that 
Allothripina are derived from Pygothripina, are both firmly rejected, as none of the 
included Allothripina exemplars are recovered in the basal Idolothripinae clade, 
either the main Pygothripina clade (#3, BI analysis) or the Diceratothripina-
Carientothrips clade (#4, ML analysis);  
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ii) a sister relationship between Gastrothripina and Compsothripina is rejected, as 
Gastrothrips is sister to neither of the two distantly polyphyletic Compsothripina 
species, in particular Bolothrips, which shares with Gastrothrips three sense cones on 
the antennal segment IV, is nested in the Idolothripini (clade#10), while 
Compsothrips is nested within Pygothripina (clade#3);  
iii) the monophyly of the Diceratothripina based on presence of metathoracic 
sternopleural sutures and having four sense cones, is rejected, as Diceratothripina is 
largely polyphyletic with two distinctive clades (#4 and #5), while Sporothrips is 
placed in the unresolved paraphyletic grade at the base of node#9, and Nesothrips 
badius is nested in Macrothripina;  
iv) the hypothesis that Macrothripina are the sister-group of Idolothripini is rejected, 
as Macrothripina is recovered as sister-group of Elaphrothripina, and is part of 
Idolothripini as recovered in this study (clade#10) as discussed under Idolothripini 
(section 4.4.2). The recovery of this final relationship has provided significant 
insights into the composition of the Idolothripini lineage, as well as the character 
evolution of the number of tergal WRS, presence of metathoracic sternopleural 
sutures, and the development of setae on tube in the Idolothripinae. These are further 
discussed under character evolution of the MP83 major characters (section 4.4.4). 
More exemplars are needed to better understand relationships within this tribe 
Pygothripini. 
 
Tribe Idolothripini may be Monophyletic if Expanded 
MP83 proposed that the major distinction between the Pygothripini and the 
Idolothripini is the number of pairs of tergal WRS and the presence of the 
metathoracic sternopleural sutures (Figure 3.1)— Macrothripina is assigned to the 
Pygothripini because the members possess ‘one pair of tergal WRS’, and is then 
considered as a sister-group to the Idolothripini for sharing  the ‘absence of the 
metathoracic sternopleural sutures’. This hypothesis introduced the notion of 
directionality in the evolution of tergal WRS from one pair in the Pygothripini, to 
two or more pairs as a synapomorphy of the Idolothripini, with Macrothripina as the 
intermediary form but is classified under Pygothripini ambivalently.  
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The sister relationships of subtribe Macrothripina + tribe Idolothripini, and the 
directional evolution of tergal WRS as well as metathoracic sternopleural sutures, as 
discussed above, are rejected here. Based on current molecular topologies, for tribe 
Idolothripini to be a monophyletic assemblage, it would need to be expanded to 
include Macrothripina and possibility also Compsothripina due to the inferred 
placement of Bolothrips.  
Clade#10 contains groupings that correspond to MP83’s hypothesized 
Macrothripina (#8) and also the Idolothripini—Idolothripina as clade#6, 
Elaphrothripina as clade#7, while Hystricothripina is underrepresented and 
polyphyletic, Holurothrips is however nested within Idolothripina. At first glance, 
clade#10 may appear to reflect MP83’s hypothesized close relationship between the 
four subtribes. However, the inferred relationships between the subtribes are very 
different from those proposed by MP83, and this has great implications for the 
constituency of Idolothripini and the evolution of major morphological characters in 
Idolothripinae systematics. As Macrothripina is recovered as the sister to the 
Elaphrothripina, they share a common ancestor with the Idolothripina at node#10. 
This means Macrothripina is part of the Idolothripini lineage instead of a sister to this 
tribe sensu MP83, and strongly suggest that the absence of metathoracic 
sternopleural sutures can readily diagnose members of the Idolothripini. In contrast, 
the MP83 hypothesis about the directional transition in the number of tergal WRS in 
the Idolothripinae is not supported. The ancestral number of tergal WRS in the 
subfamily is a single pair as hypothesized (but see discussion under character 
evolution of tergal WRS). However, the number of tergal WRS in the Idolothripini 
ranges from one pair in Macrothripina, to two pairs or more in the Elaphrothripina, 
Idolothripina, and in the apparently unrelated Malesiathrips, and finally three pairs in 
Mecynothrips (Elaphrothripina) and Holurothrips (Hystricothripina) (Figure 4.14). 
Numbers of tergal WRS, in particular more than one pairs are thus clear cases of 
derived homoplasy with respect of Idolothripinae. This result illuminated MP83’s 
ambivalent decision to classify Macrothripina within Pygothripini (based on one pair 
of tergal WRS) despite the authors thought Macrothripina might have a close 
relationship with the Idolothripini (based on the absence of metathoracic 
sternopleural sutures).  
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Validity of Subtribe Pygothripina  
Pygothripina sensu MP83 is hypothesized as an ancestral Idolothripinae lineage with 
a close-relationship with the Allothripina (see discussion that has been discussed in 
section 4.4.3 under Pygothripini). This subtribe contains primarily New Zealand 
species with several Neotropical species in Pygothrips and Holarctic species in 
Cryptothrips (pg.21, MP83). It is within this subtribe that MP83 firmly suggested 
two plesiomorphic traits for the Idolothripinae—presence of the metathoracic 
sternopleural sutures and complete anapleural sutures. MP83 also proposed that the 
New Zealand Idolothripinae fauna being important when considering the origin of 
Idolothripinae. As a result, some other characteristics found in this subtribe are also 
postulated as plesiomorphies, in particular the attributes exhibited by a group defined 
as the Heptathrips-group (containing Cleistothrips, Heptathrips, and Ozothrips), 
most of which have a reduced number of antennal segments and only two sense 
cones on segment IV; long stylets with stout maxillary guides; and no basantra 
(pg.21, MP83). The hypotheses that can be tested based on current sampled 
exemplars are discussed below. 
There is a major clade (#3) that corresponds most closely with Pygothripina 
sensu MP83, which contains all exemplars except Priesneriana and Cryptothrips, 
and includes two members of other subtribes, Atractothrips (Hystricothripina) and 
Compsothrips (Compsothripina). Relationships within this clade are largely 
congruent between ML and BI analyses, differing only in that BI showed a polytomy 
of Emprosthiothrips, a clade of Heptathrips spp., and a clade comprising 
Compsothrips, Pelinothrips, and Phaulothrips. The close relationship of the 
Australian Pelinothrips and Phaulothrips hypothesized by MP83 (pg.22, MP83), is 
supported in this study.  
That Priesneriana is recovered as the sister to the Carientothrips-group cannot 
be explained on the basis of morphology and will require future testing. The 
particular species sequenced, P. uptoni, has a general morphology that greatly 
resembles the defining characteristics for the Pygothripina, and in particular seems 
morphologically very close to Pygothrips or Heptathrips, sharing with these genera 
long maxillary stylets with long levers that align parallel in shape, well-developed 
eyes with gaps between ommatidia, the antennae 7 segmented and a terminal 
segment with an incomplete suture, while maxillary palps are typical of the 
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Pygothripina and do not resemble the unique palps diagnostic of Carientothrips (c.f. 
Chapter 2). 
As discussed under Pygothripini, this study recovered Pygothripina as the sister 
to the remainder of the idolothripines, but do not support the idea that the subtribe 
represents a ‘proto-Idolothripinae’ group as hypothesized in MP83. In fact, we are 
able to study the character states distribution to test the hypothesized 
plesiomorphies—most are corroborating MP83’s hypotheses, as follow: the 
plesiomorphic condition of maxillary stylets length is probably long that aligns in 
parallel or subparallel shape when fully retracted (Figure 4.9), metathoracic 
sternopleural sutures are present (Figure 4.13), and number of tergal WRS is 
probably one for Idolothripinae but the inference turned out ambiguous between one 
and two due to the outgroup (Figure 4.14), and finally, the tube surface is glabrous 
(Figure 4.15). Contrary to MP83’s hypothesis, two sense cones on antennal segment 
IV is a derived state and not a plesiomorphy (Figure 4.11). One interesting 
observation for the Pygothripina is the compound eye condition (Figure 4.20). Fairly 
well developed eye but with loosely arranged facets (S0), is found to be the 
plesiomorphic condition for the phlaeothripid, also present in the outgroups, and 
primarily only found in Pygothripina and the Carientothrips-group in the 
Idolothripinae, while highly developed eyes (S4) is the ancestral state for the 
Nesothrips-group plus the currently defined Idolothripini.  
 
Subtribe Compsothripina is Underrepresented and Polyphyletic 
The MP83 proposed Compsothripina is an amorphous subtribe, comprised of a series 
of grass and leaf litter dwelling Pygothripini species notably possessing unusual 
morphologies. The subtribe contains two major genera and several hypothetically 
related species-poor or monotypic genera—the largely Holarctic Bolothrips (related 
to Illinothrips, Loyolaia, and Anaglyptothrips), and the largely pantropic 
Compsothrips, an ant- mimicking group. The relationship between Bolothrips and 
Compsothrips is ambiguous as both genera are morphologically divergent from each 
other, with only some species from the Mediterranean region exhibiting intermediary 
traits for the character of sternopleural structure (detailed accounts in Mound and 
Palmer (1983b)). In general, species placed in this subtribe often have the following 
characters: usually apterous; with two to three sense cones on antennal segment IV 
246  
(mostly three in Bolothrips, and two in Compsothrips), and the antennal segment III 
sometimes has only a single sense cone in contrast to the usual two in most 
Idolothripinae; eyes often small laterally but prolonged ventrally; the basantra and 
mesopraesternum are well-developed; and the metathoracic sternopleural sutures 
varies from well-developed to absent. The relationship of this subtribe with other 
Idolothripinae is unclear from morphology, but Compsothripina is proposed to be a 
sister-group to Gastrothrips based on having three sense cones on the antennal 
segment IV (pg.34, MP83). The hypotheses that can be tested based on current 
sampled exemplars are discussed below. 
Both inference methods recovered that Compsothripina is not monophyletic 
and the two exemplars are very distant relatives, with Compsothrips nested within 
the main Pygothripina clade (#3) and Bolothrips as a sister-group to the clade 
composed of most members of the Macrothripina and Elaphrothripina (nodes#7 and 
8), and neither is closely related to Gastrothrips. There is no easy direct explanation 
for these results until more exemplars of this subtribe can be sampled. Since the 
hypothesized sister relationship between Gastrothripina and Bolothrips is not 
supported, we can infer that the ventral eye prolongation diagnostic for the subtribe 
Compsothripina is homoplastic, as is having three sense cones on antennal segment 
IV (c.f. character mapping study below under C19). 
I studied additional slide materials to examine the taxonomic unit problems and 
the potential paraphyly of the two major genera Bolothrips and Compsothrips. 
Compsothrips species exhibit several distinct forms with continuous variation and 
overlapping traits in between, and these forms are suggested to be local demes of 
different populations, resulting from aptery-influenced effect in dispersal and gene 
flow (Mound & Marullo, 1996), and this complicates species taxonomy. Most 
species of Compsothrips have distinctive ant mimic-like features: a curious bulbous 
head; thoracic segments narrower than head and abdomen, the metathorax slightly 
rounded or constricted; and presence of exceptionally long metathoracic 
sternopleural sutures extending to hind coxae. However, Compsothrips albosignatus 
is unlike any other congeneric species, because its thoracic segment is not 
particularly narrow and has a curious long sinuate head. Likewise, for Bolothrips, 
two major species-groups are identified based on overall similarity of the head and 
eye ventral prolongation, and also the character metathoracic sternopleural sutures—
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one subgroup including B. cingulatus, B. inaccessiblensis, and B. varius, have long 
but incomplete metathoracic sternopleural sutures; a second subgroup, including B 
bicolor and B. gilvipes, lack obvious metathoracic sternopleural sutures. Moreover, 
B. insularis is potentially a micropterous member of Gastrothrips on the basis of its 
pelta shape (triangular pelta with tapering lateral wings, versus broad and a slightly 
rounded triangular shape in other Bolothrips) and the resemblance to Gastrothrips in 
the shape of several other structures (metathoracic sternopleural sutures, slightly 
eroded margin of basantra, ferna, and mesopraesternum).  
In conclusion, inferring the genus boundaries of Compsothrips and Bolothrips 
and inferring their relationships based on morphology are still problematic, and 
apparently cannot be resolved without further molecular phylogenetic study. To 
investigate this lineage, it is crucial to take into consideration the following i) in the 
current study Gastrothrips, Bolothrips, and Compsothrips are not closely related to 
each other as hypothesized by MP83; ii) the peculiarity of general morphology of 
species in this subtribe means more exemplars have to be included, and iii) the signs 
of problematic genus level taxonomic units (e.g. resemblance of some Bolothrips to 
the Gastrothrips), indicate that Gastrothrips, Compsothrips and Bolothrips need to 
be reviewed as a whole instead of separately, in order to investigate the lineages and 
relationships within and between the genera and subtribes. It would also be 
interesting to observe the behaviour of the ant-form Compsothrips, because having a 
narrow thoracic segment is unique among the Idolothripinae and even unlike other 
grass dwelling apterous species such as Bolothrips. This morphology suggests the 
likelihood of peculiar behaviours in this group of Compsothrips species (c.f. the ant-
mimicking predatory species of Franklinothrips in the Aeolothripidae have been 
described to display ant-like behaviour of running around rapidly and waving long 
antennae, in Mound & Marullo, 1996).  
 
Subtribe Diceratothripina is Polyphyletic with At Least Two Distinct Lineages 
Diceratothripina sensu MP83 is defined by the combination of the following 
characters that, individually, are also found in other Pygothripini members—the 
presence of metathoracic sternopleural sutures is given emphasis (although there are 
some exceptions), having eight segmented antennae, with four sense cones on 
segment IV, and widely spaced maxillary stylets that are usually V shaped. However, 
248  
on the basis of these traits, the subtribe is an assemblage of morphologically very 
divergent species. MP83 circumscribed the Diceratothripina genera by three major 
geographical regions and proposed relationships between some of these groups: 
i) the Oriental and Austral-Pacific genera listed in the ‘Nesothrips-group’ sensu 
MP83, includes the Campulothrips, Carientothrips, Nesidiothrips, and Nesothrips. 
The Carientothrips is hypothesized to be derived from or a sister to the Nesothrips 
(pg.42, MP83), while the Campulothrips is hypothesized to be derived from the 
Nesothrips lativentris-major species group (pg.47, MP83);  
ii) the pantropical Acallurothrips and Neosmerinthothrips are hypothetical sister-
group on the basis of sharing a swollen tube, and that a foretarsal tooth is present in 
both sexes instead of only present in males (Mound & Palmer, 1983b; Mound, 
1974b). The Acallurothrips + Neosmerinthothrips sister-group is hypothesized to be 
sister-lineage of the ‘Nesothrips-group’ sensu MP83 (pg.40, 41, MP83);  
iii) the New World components of Diceratothripina are the Phacothrips, 
Diceratothrips, and Sporothrips; the first two genera contain members with a convex 
or swollen tube that is also exhibited by the Acallurothrips and Neosmerinthothrips, 
yet the relationship between these two groups is unclear based on other morphology; 
iv) two African genera Elgonima and Pseudoeurhynchothrips were each described 
based on a single damaged type specimen (see pg.40, MP83), and their taxonomic 
descriptions are inadequate for comparative interpretation. I have examined a female 
Pseudoeurhynchothrips bidens, which is badly squashed in the head and thorax but 
has the following characteristics—metathoracic sternopleural sutures present and 
anapleural sutures complete; one pair of tergal WRS; foretarsal tooth present, and the 
tube is glabrous with straight margin. These traits, however, are not unique in the 
Diceratothripina. Pseudoeurhynchothrips can be distinguished from Nesothrips only 
by the presence of a foretarsal tooth in females (females of Nesothrips lack foretarsal 
tooth), and from the Neosmerinthothrips (in which the females also have foretarsal 
tooth) in not having a swollen tube. For the latter reason, MP83 proposed that 
Pseudoeurhynchothrips is derived from the Neosmerinthothrips, but have a reversal 
of the swollen tube condition.  
This study sampled Acallurothrips, Carientothrips, Nesothrips, 
Neosmerinthothrips as well as Sporothrips that is morphologically divergent from 
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other Diceratothripina members. Both inference methods support for an extensively 
polyphyletic Diceratothripina, and the majority of exemplars are resolved in two 
distinctive clades here referred to as the Carientothrips-group (#4) and the 
Nesothrips-group (#5). These results refute the hypotheses of the close relationship 
between Nesothrips and Carientothrips, between Acallurothrips and 
Neosmerinthothrips, and between Acallurothrips + Neosmerinthothrips and the 
‘Nesothrips-group’ sensu MP83. The ‘Nesothrips-group’ sensu MP83 is not 
supported. The presence of a ‘Diceratothrips’ lineage itself as a subtribe is unclear 
from current inference, but the clue to follow up in future research may lie in the 
exemplar Sporothrips. The hypotheses that can be tested based on current sampled 
exemplars are discussed below. 
 
The Carientothrips-group (clade#4) 
The Carientothrips-group (#4) contains the sister-group Acallurothrips and 
Carientothrips, and both collectively are sister to Priesneriana of the Pygothripina. 
Indeed, Carientothrips and Nesothrips are so similar morphologically that they had a 
long history of taxonomic confusion, until the revision by Eow et al. (2014) found 
novel characters to effectively distinguish between the two genera by the form of 
ventral eye prolongation and the length of maxillary palp segment I. Current study 
recovered Carientothrips as a distinct lineage from the rest of the Diceratothripina. 
Its sister-relationship with the Acallurothrips is supported by their shared 
morphology as examined from taxonomic materials in this study (Figure 4.22)—the 
length of maxillary palp segment I is slightly longer or about same length as segment 
II, a unique character found for Carientothrips in Eow et al. (2014); both genera have 
tendency for the basantra and/or ferna to be eroded, slightly around the margin in 
Carientothrips but more extensive in Acallurothrips through the thoracic sternite to 
varying degree such that the mesopraesternum can be absent and the presence of 
metathoracic sternopleural sutures can become ambiguous to determine. 
Acallurothrips can be effortlessly distinguished from Carientothrips by the first 
genus tend to have reduced total number of antennal segments, possessing a swollen 
tube, and do not have a ventral eye prolongation. The sister relationship between the 
Carientothrips + Acallurothrips and the Priesneriana, however, is not readily 
understood in terms of morphology and require future study. It is recovered 
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consistently in both analysis methods, albeit with moderate to weak nodal support 
(PP 0.88, BP 48). 
 
The Nesothrips-group (clade#5) 
The Nesothrips-group (clade #5) contains two sister-lineages. The first is part of the 
polyphyletic Nesothrips, with all sampled species being resolved in a well-supported 
clade, except N. badius which is nested deep in Macrothripina (#8). The second 
lineage composed of Neosmerinthothrips and members of two different subtribes, the 
Cryptothrips of the Pygothripina and Malesiathrips of the Elaphrothripina. This 
result partially supports MP83 hypothesized close relationship between the 
Nesothrips and the Neosmerinthothrips as resolved in the same lineage, albeit not 
direct sister-group.  
The Neosmerinthothrips specimen used here is almost indistinguishable from 
species of short-headed Nesothrips such as N. minor or N. brevicollis, except for the 
presence of a swollen tube and foretarsal tooth in females. Neosmerinthothrips has 
been postulated to be closely related to Acallurothrips based on having swollen tube 
(Mound & Palmer, 1983b; Mound, 1974b), but this hypothesis is rejected here. 
Neosmerinthothrips is distantly related to the Acallurothrips + Carientothrips clade, 
and could be clearly distinguished from Acallurothrips based on the morphological 
characters as described for the Carientothrips-group (#4). 
The recovery of Neosmerinthothrips in a sister clade of the Nesothrips species 
shows that despite great morphological similarities, separate lineages are present, and 
this corroborates earlier taxonomic discussions that aside from their common 
diagnostic characters, Neosmerinthothrips can be distinguished from Nesothrips by 
possessing swollen tube and the presence of foretarsal tooth in female. However, 
existing systematics problem in this group is not as simple and sorely needs 
taxonomic revision along with sampling of more taxa in future study. Several species 
examined here (Neosmerinthothrips collaris, N. robustus, N. hamilton) revealed 
females without a foretarsal tooth and whose tube were not particularly swollen or 
prominently convex, thus in violation of the currently existing genus boundary. 
Moreover, Nesidiothrips was erected for two species where females have foretarsal 
tooth (thus not Nesothrips) but can be distinguished from Neosmerinthothrips only 
by the presence of a pair of stout ocellar setae within the ocellar triangle in the 
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former genus. Meanwhile, Pseudoeurhynchothrips is only distinguished from 
Neosmerinthothrips by not having a swollen tube. The swollen tube as found in 
Neosmerinthothrips is now considered homoplasious within the Idolothripinae, as it 
is also found in several unrelated genera, including Acallurothrips, Diceratothrips, 
and Phacothrips from the Diceratothripina sensu MP83, the Pygothripina 
(Pygothrips, Phaulothrips), and even phlaeothripines (Holothrips and 
Symphyothrips,  see Mound & Palmer, 1983b).  
The resolution of Malesiathrips is inexplicable in terms of morphology, 
because while the genus does not seem to be closely related to any other Idolothripini 
members, it still shares the primary diagnostic traits of its tribe (two pairs of tergal 
WRS, and absence of the metathoracic sternopleural sutures), which are unusual 
traits for the Diceratothripina. The molecular relationships may possibly be an effect 
of missing COI data for Malesiathrips and so awaits confirmation. Similarly, no 
plausible explanation is apparent for why Cryptothrips is recovered in the same 
clade. I examined a series of three specimens (Black Mt. ANIC, 7.x.2011), and they 
possess general morphology typical of the Pygothripina, i.e. eyes well-developed but 
with gaps in between facets, there are three sense cones on the antennal segment IV 
(a trait unique to Cryptothrips in the Pygothripina), and the maxillary stylets shape 
are rather narrowly aligned and subparallel, in contrast of the typically closely 
packed eye facets, four sense cones, and widely spaced stylets in the 
Diceratothripina. 
The monotypic, Pacific genus Campulothrips is not sampled in this study and 
its relationship cannot be inferred here due to its divergent morphology from general 
members of Diceratothripina. It largely resembles Idolothripini with a mixture of 
morphologies found in the Idolothripina and Elaphrothripina  (hairy tube, long 
mesonotal median setae, long and sinuate head with large globe-shape eyes, 
maxillary stylets retracted low up to basal third in head and aligned in wide-V 
shaped, long slender club-shaped antennal segments with cylindrical pedicel, and 
slightly rounded metapleuron with complete anapleural sutures). This resemblance to 
Idolothripini is hypothetically due to convergence (pg.42, MP83).  
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The sister-group Sporothrips and Anactinothrips 
This study recovers an interesting sister-grouping of Sporothrips with Anactinothrips 
(Elaphrothripina). This further supports the polyphyly of the Diceratothripina, and 
shows that Sporothrips is not closely related with either of the two major 
Diceratothripina lineages recovered here. 
MP83 placed the monotypic Sporothrips under the New World Diceratothrips-
group with two other genera not included here (Diceratothrips and Phacothrips), 
which all share complete metathoracic anapleural sutures and the presence of 
metathoracic sternopleural sutures. Although, in Sporothrips the sternopleural suture 
is a short, weakly developed ‘slit’, and so is considered by MP83 to be an aberrant 
relative of Diceratothrips. Meanwhile, the taxonomic placement of Anactinothrips 
has been problematic (Mound & Palmer, 1983b; Retana-Salazar, 2009), as elaborate 
further here. MP83 placed this genus within Elaphrothripina due to its lack of 
metathoracic sternopleural sutures, and referred to this genus as an ‘aberrant 
Elaphrothripina with only one pair of tergal WRS’. However, Anactinothrips seems 
‘more Idolothripini-like than Pygothripini’—it resembles Hystricothripina in general 
appearance and shares with the Neotropical Hystricothripina (the major component 
of Hystricothripina) one pair of tergal WRS; yet it has broader wings and very well-
developed basantra and mesopraesternum, which are atypical of the Hystricothripina; 
it resembles Elaphrothripina in having the combination of well-developed but 
incomplete metathoracic anapleural sutures and the absence of metathoracic 
sternopleural sutures; its metapleuron is not as swollen as the Hystricothripina but 
slightly rounded like the Idolothripina (Plate 3.17); and finally, its head is long and 
sinuate with two pairs of setae on the vertex, which is common in the Idolothripina, 
Hystricothripina, and Elaphrothripina.  
Current study rejected the existing subtribal placements of both Anactinothrips 
and Sporothrips, and suggests that the Sporothrips-Anactinothrips sister-group may 
together with Diceratothrips (not included in this study) form a lineage first and 
foremost supported by their shared character of males possessing a stridulating 
structure between a large forefemur and forecoxa. This morphology has been ignored 
at large in classification amidst all the usual MP83 major diagnostic characters. 
These three genera share the New World geographical distribution from the 
Neotropical zone (Anactinothrips) that extends to the South Eastern portion of the 
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U.S.A. (Diceratothrips and Sporothrips); and are relatively large-sized species (in 
contrast to the Nesothrips-group #5); have one pair of tergal WRS; well-developed 
basantra; and the presence of metathoracic sternopleural sutures (weakly developed 
in Sporothrips). Additionally, the exemplars of Sporothrips and Anactinothrips are 
found to possess similar type of maxillary stylets (long maxillary stylets and levers, 
stylets aligned in subparallel position like a narrow V shaped slightly over one third 
of head width apart, and retracted up to about half into head).  
Phacothrips is another genus included under the New World Diceratothrips-
group sensu MP83 along with Diceratothrips and Sporothrips. However, I am 
reluctant to suggest that it belong with the suggested Diceratothrips, Sporothrips and 
Anactinothrips lineage. For starter, it has no forecoxa stridulating ridge in males, and 
further more possesses several characters dissimilar to the other genera—a swollen 
tube; long but widely spaced V shaped maxillary stylets; and a pair of ommatidium 
on the cheek at the mid-line of head, which is a character otherwise found only 
amongst the Macrothripina, Elaphrothripina, and Hystricothripina, see C11 and 
Figure 4.21. Phacothrips does share with other Diceratothripina members the usual 
diagnostic (complete metathoracic anapleural sutures, presence of metathoracic 
sternopleural sutures, one pair of tergal WRS, and well-developed basantra). 
 
Conclusion for the Diceratothripina 
In summary, the full extent of paraphyly within the Diceratothripina is likely not yet 
fully explored, as a significant number of genera not sampled here have quite 
divergent morphologies. Current inference suggests that the MP83 classification was 
in part right that Nesothrips and Neosmerinthothrips are likely close relatives. There 
are a few surprise discoveries. The close relationship between Carientothrips and 
Acallurothrips is supported by the unique maxillary palps character, and both are 
only distantly related to other Diceratothripina genera. The Nesothrips and 
Carientothrips are not closely related as previously thought, in which the relationship 
is also supported by morphological diagnostic found in previous two chapters. There 
is a potential currently undefined lineage represented by the sister-group Sporothrips 
and Anactinothrips, which is supported by presence of male stridulating mechanism 
between forefemur and forecoxa, but more taxa are needed to further test this lineage 
in future analysis. Nevertheless, this potential lineage should be further investigated 
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by including more representatives in molecular phylogenetics, in particular the 
species proposed in the Anactinothripini sensu Retana-Salazar (2009), because the 
morphological characters exhibited by this group is evidently perplexing and the 
definition of this lineage given above may not be sufficient. 
 
Subtribe Allothripina is Underrepresented and Non-Monophyletic  
Allothripina sensu MP83 contains eight species poor genera, two of which are more 
recently described, Anallothrips (Okajima & Urushihara, 1997) and Minaeithrips 
(Mound, 2007). The definition of Allothripina is rather amorphous, primarily based 
on a hypothesized apomorphy of having an enlarged terminal sensorium on the 
maxillary palp segment II being enlarged, more specifically described as ‘enlarged as 
if third segment of maxillary palp’ (c.f. key couplet 65, pg.19, MP83). The character 
study in Chapter 3 determined that this trait only occurs in four genera 
(Allopisothrips, Allothrips, Priesneriella, and Pseudocryptothrips), while others 
(Faureothrips, Allidothrips, Anallothrips, and Minaeithrips) do not have particularly 
enlarged maxillary palp terminal sensorium (Mound & Palmer, 1983b; Mound, 2007; 
Okajima & Urushihara, 1997). While the primary character defining Allothripina is 
not entirely reliable, genera in the subtribe can be identified supplementarily by a 
series of traits not necessarily occurring in all taxa. The species are mostly wingless, 
with tendency for reduction or fusion of a series of characters—heavily eroded 
thoracic ventral sclerites (such that determining the presence or absence of 
metathoracic sternopleural sutures is ambiguous); tendency of terminal antennal 
segments to fuse together thus reduced total number of antennal segments (except 
Faureothrips which has clearly differentiated eight-segmented antennae, 
hypothesized by MP83 as a reversal from the reduced state); reduced number of 
sense cones on antennal segment III and IV from the usual two-four combination for 
segment III-IV respectively; and lastly, Allidothrips in particular has a complete 
transverse tergite of abdominal segment I instead of a pelta, which is a unique form 
hypothesized to be part of the same transformation series that includes Priesneriella 
species (pg.31, MP83). Furthermore, MP83 postulated a close relationship between 
Allothripina and Pygothripina, either being sister-groups (pg.21, MP83), or 
Allothripina being derived from within Pygothripina (pg.11, MP83)—the 
indeterminate nature of the relationship hypothesis is depicted as a basal polytomy in 
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MP83 dendrogram (Figure 3.1). This close relationship is based on the subtribes 
sharing the traits of i) long, subparallel to parallel-shape maxillary stylets (except 
Priesneriella in this study coded as long and widely spaced, state S1 of Character 
C12), and ii) tendency of reduction in number of antennal segment and antennal 
sense cones. MP83 also hypothesized Priesneriella to be derived from an Allothrips-
like ancestor (pg.32, MP83), and potentially also to be a sister-group to the 
Allopisothrips based on their shared trait of the broadly fused antennal segment VI 
with segments VII-VIII. Due to under-sampled exemplars for this subtribe, few 
hypotheses discussed here can be tested via the inferred topology.  
In this study, both genera Priesneriella and Allothrips are monophyletic, but 
they are not well-supported sister-groups, which resolved as polytomy in the BI 
analysis, and while being monophyletic in the ML analysis the nodal support is not 
significant. Current evidence could neither corroborate the monophyly of the 
Allothripina nor the potential close relationship between Priesneriella and 
Allothripina. Allothripina is not as closely related with the Pygothripina (#3) based 
on the purported plesiomorphies as previously hypothesized by MP83, as it is not 
derived nor a sister-group with the Pygothripina. The poor resolution and nodal 
support for the Allothripina exemplars in this study could be an effect of the 
incomplete data set for the Priesneriella exemplars. Future study needs to follow up 
by including more exemplars to test the discussed relationships. Discussion on the 
character evolution for several major characters relevant to the hypothetical 
plesiomorphic states is available under character evolution (section 4.4.3). 
 
Subtribe Gastrothripina is Underrepresented and Its Status Unclear 
Gastrothripina sensu MP83 contains only a single genus Gastrothrips, which is 
primarily defined by having three short stout sense cones on antennal segment IV 
(pg.38, MP83). Having three sense cones on antennal segment IV is considered 
unique trait that is also present in most Bolothrips of the Compsothripina and 
Cryptothrips of the Pygothripina. On the basis of this trait, MP83 suggested that 
Gastrothripina may be the sister lineage of Compsothripina (as depicted in the MP83 
dendrogram; pg.11 and pg.38, MP83), and that both may be derived from 
Cryptothrips-like ancestor. Other than the number of sense cones, the boundary for 
recognising Gastrothrips is amorphous, and based on the following characters which 
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are also used for the Diceratothripina—the maxillary stylets are wide apart in the 
head, the metathoracic sternopleural sutures is present, the eyes when compared with 
Bolothrips are rounded and not prolonged ventrally, and the shape of the pelta is 
variable but typically triangular with lateral wings rather rounded (pg.38, MP83). 
MP83 also noted that the Gastrothrips and Compsothripina genera utilised different 
microhabitats. Gastrothrips is common on dead twigs and branches in the tropics, in 
contrast, Compsothripina is found in grass tussocks and leaf litter in tropics and 
temperate regions. In the current study this subtribe is underrepresented. The 
hypotheses that can be tested via current inference are discussed below. 
The only exemplar sampled for Gastrothripina was Gastrothrips acutulus, but 
its relationship is unresolved, falling into the grade of taxa between nodes#4 and #9, 
and not significantly supported in both BI and ML analyses. The hypothesized close 
relationship between Gastrothripina and Bolothrips based on their shared three sense 
cones on antennal segment IV is not supported. Because of existing ambiguities in 
the taxonomic units for Gastrothrips and Bolothrips (c.f. discussed under 
Compsothripina regarding ambiguous taxonomy for several specimens examined in 
this study), the interpretation of phylogenetic inferences will be sensitive to the 
sampled exemplars. Save the character of number of sense cones (three sense cones 
on antennal segment IV for Bolothrips and Gastrothrips), there are insufficient 
morphological characters to distinguished some species between these taxa, and a 
number of species in both Gastrothrips and Bolothrips cannot be distinguished 
effectively from each other and also members of the Nesothrips-group recovered in 
this study. In the current study, number of sense cones on antennal segment IV is 
homoplasious within Idolothripinae (Figure 4.11; also see Character Evolution 
discussion for C19). Moreover, the presence of metathoracic sternopleural suture is 
variable in Bolothrips, implying it is heterogeneous. Specific examples being, we 
found B. icarus resembling Nesothrips lativentris except it lacks metathoracic 
sternopleural sutures. We also found B. insularis potentially a micropterous 
Gastrothrips, on the basis of its resemblance to Gastrothrips in the shape of pelta 
(triangular with tapering lateral wings, versus broad and a slightly rounded triangular 
shape in other Bolothrips), the presence of metathoracic sternopleural sutures, and 
the slightly eroded margin of basantra, ferna, and mesopraesternum. A more 
comprehensive study of taxonomic materials is needed to properly revise these 
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preliminary observations. We propose that future revisionary work of 
Compsothripina needs to take into consideration of the currently known ambiguities 
between the Gastrothrips, Compsothrips, Bolothrips, and Nesothrips, and review 
them as a whole instead of separately via rigorous comparative morphology and 
more comprehensive sampling in a molecular phylogenetics.  
 
Validity of Subtribe Elaphrothripina 
The Elaphrothripina is relatively well-defined. Traditionally species in this subtribe 
are characterised by a combination of the following traits—four sense cones on 
antennal segment IV, a glabrous tube, complete metathoracic anapleural sutures, 
absence of metathoracic sternopleural sutures, well-developed basantra, widely 
spaced V shaped maxillary stylets that are usually short and low in head (can be 
long, wide-V shaped deep in the head, e.g. Dinothrips), and two pairs of tergal WRS 
(exceptions in Anactinothrips with one pair, Mecynothrips with three pairs) (Mound 
& Palmer, 1983b). In contrast to most other members of this subtribe, in general 
appearance Malesiathrips and Dermothrips do not appear to be closely related to the 
typical Elaphrothripina and were placed in this subtribe by MP83 only provisionally 
due to sharing the above diagnostic traits. The hypotheses that can be tested based on 
current sampled exemplars are discussed below. In this study, Elaphrothripina is polyphyletic, with one well-supported clade 
containing all but two species of the sampled exemplars representing Elaphrothripina 
(clade#7). Of interest, Dinothrips is the sister to the remainder of the Elaphrothripina 
exemplars in clade#7. This is supported by the species’ morphological divergences—
Dinothrips is typical in Elaphrothripina general diagnostic morphologies, but stands 
out amongst other Elaphrothripina in the possessing widely spaced but relatively 
long V shaped maxillary stylets that are more deeply retracted in the head, similar to 
Lamillothrips (Plate 3.2 B) and members of the Macrothripina. Additionally, some 
congeneric species of Dinothrips have been observed to possess a pair of 
ommatidium-like structures on the cheek directly behind each eye as in Lamillothrips 
(see Chapter 3 C11), but because this trait is variable in Dinothrips, it is not 
represented by the molecular exemplar (Figure 4.21). The topology thus suggests that 
the Dinothrips and the morphologically similar Lamillothrips are a distinct lineage 
from the other Elaphrothripina genera which possess the classical shape of short, 
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wide-V shaped stylets (Plate 3.2 D-E) as represented here by Elaphrothrips, 
Ophthalmothrips and Mecynothrips.  
It is unclear why the two included Elaphrothrips exemplars have not resolved 
as a monophyletic lineage. Despite both species’ geographical distance 
(Elaphrothrips ID106 is from the Neotropics while Elaphrothrips curvipes from the 
South East Asia), their general morphology is typical of Elaphrothrips as defined in 
Palmer and Mound (1978). Furthermore, Mecynothrips is hypothesized (pg.62, 
MP83) as sister to the other Old World Elaphrothripina genera (i.e. excluding the 
New World Anactinothrips, Table 1.4). Current inferences do not support this 
hypothesis because Mecynothrips is nested in the Elaphrothripina as sister to the 
Ophthalmothrips. This relationship clearly shows that when confined within the 
Elaphrothripina lineage, the plesiomorphic state of tergal WRS is two pairs, while 
three pairs in Mecynothrips is a derived apomorphy, concordant to the hypotheses by 
MP83. Therefore, the hypothesized sister relationships between Mecynothrips and 
other Old World Elaphrothripina based on progression of increasing number of tergal 
WRS is incorrect. 
Of the other two morphologically divergent Elaphrothripina species sampled in 
this study Malesiathrips and Anactinothrips, both were found to be unrelated to the 
major Elaphrothripina lineage (clade#7). Their alternative positions in the 
Idolothripinae are discussed in the respective clades under which they are placed. A 
third morphologically divergent Elaphrothripina species not sampled in this study, 
the curious ant-like Hartwigia, will need future molecular study to infer its 
relationships. 
 
Validity of Subtribe Macrothripina 
MP83 defined Macrothripina primarily based on the combination of one pair of 
tergal WRS (a feature of Pygothripini) and the absence of metathoracic sternopleural 
sutures (which is a feature of Idolothripini). The subtribe’s members have an Old 
World distribution and are most diverse in the Oriental region, with the exception for 
Diplacothrips from the New World. Additionally, members of Macrothripina possess 
the following series of characteristics that are variable within the taxa—the species 
are often heavily built, large and darkly pigmented; many species have small tubercle 
on the inner apex of foretibiae; sternal glandular areas are said to be present in 
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Dichaetothrips, Peltariothrips, and Tarassothrips (but this trait could not be verified 
in Chapter 3 due to lack of samples); and often possess a pair of lateral cheek 
ommatidia (Plate 3.4 C; Figure 4.21). MP83 also recognised two main groups in this 
subtribe on the basis of differing maxillary stylets length—the Ethirothrips-group 
(aligned in wide-V shape) and the Aesthesiothrips-group (aligned in parallel shape), 
and noted that aside from these two major types, the monotypic Herathrips has 
unusually short stylets retracted low in the head. The hypotheses that can be tested 
based on current sampled exemplars are discussed below. 
Current study recovers an almost-monophyletic Macrothripina lineage (clade 
#8), except Ethirothrips barretti which has formed part of the polytomy with both 
Macrothripina (clade #8) and the Elaphrothripina clade (#7). The recovery of a 
Macrothripina clade that includes species with long stylets that aligns in parallel or 
subparallel shape represented here by Celidothrips camelus and Celidothrips ID117 
in contrast of the V shaped series in all other exemplars included (Figure 4.9), 
suggests that the combination of one pair of tergal WRS and the lack of metathoracic 
sternopleural sutures is sufficient for recognition of members of this subtribe, and 
that maxillary stylets have undergone convergence within this lineage (further 
discussed under character mapping). As discussed previously under Idolothripini, 
MP83 classified the Macrothripina under Pygothripini due to members having one 
pair of tergal WRS, and hypothesized a sister relationship with the Idolothripini for 
sharing the absence of metathoracic sternopleural sutures—emphasis was given to 
the single pair of tergal WRS over the absence of metathoracic sternopleural 
sutures—this hypothesis of relationship is not supported here. 
Relationships within the Macrothripina clade cannot be explored critically, as 
most exemplars are not well-resolved and have non-significant nodal support, 
possibly due to missing sequence data (half of the ten exemplars lack COI), and also 
existing problem in the generic taxonomic units. Two genera with multiple 
exemplars, the Ethirothrips and Celidothrips, are polyphyletic. Both genera are 
traditionally not clearly delineated. Ethirothrips in particular is a known ‘dumping 
group’ to accommodate species that ‘look like Macrothripina’ but do not fit within 
any other more distinctive genera in the subtribe. In contrast, Celidothrips is 
distinctive within Macrothripina for possessing a long-head and long maxillary 
stylets that aligns in parallel shape, but otherwise it has no particularly unique 
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characters that are also not found on other Macrothripina, such as possessing 
foretibia apical or subapical tubercle and a pair of ommatidia on the cheek in which 
both traits are also variable within the genus. The polyphyly of Celidothrips is 
inexplicable by morphology and its relationship with either the Machatothrips and 
Macrothrips clade or the Ethirothrips and Diaphorothrips clade remains ambiguous.  
The close relationship between Machatothrips and Macrothrips, although 
with poor nodal support, corroborates the hypothesis by Palmer and Mound (pg.186, 
1978) that they are closely related. Diaphorothrips, however, is not recovered in the 
same lineage as Machatothrips and Macrothrips, despite MP83 discussed their 
morphological resemblance such that the females of Macrothrips are essentially 
similar to Diaphorothrips, which in turn are similar to Machatothrips species in the 
shape of head and pelta (pg.51, MP83). Herathrips is a monotypic genus which, 
again, has no unique diagnostic character amongst the Macrothripina, other than its 
unusually low position of maxillary stylets in the head (Mound, 1974a).  
Nesothrips badius, having transferred from Bolothrips (Mound, 1974a) to 
Carientothrips (Mound, 1974b), then to Nesothrips (Eow et al., 2014) during the 
latest revision, is now apparently a member of Macrothripina based on currently 
inferred molecular framework. This is a clear example demonstrating the 
morphotaxonomic difficulties due to a lack of robust diagnostic characters, the 
dependency on a combination of primary characters, and taxonomic ambiguities in 
wingless species due to reduction in morphological traits. In this case, N. badius as a 
Macrothripina is supported by its lack of metathoracic sternopleural sutures, which is 
atypical of a Diceratothripina. The absence of the metathoracic sternopleural sutures 
in N. badius was overlooked mainly because of its winglessness, and like many other 
exceptions to species placed in Diceratothripina with conflicting morphology, N. 
badius still shared the same set of major diagnostic characters with the Nesothrips, in 
particular its resembles to N. lativentris in having a longish head with longer V 
shaped maxillary stylets, without other strong morphological evidences that could 
suggest its transfer to any other subtribe, in particular the Macrothripina which 
contains mostly large, dark, macropterous and strongly sexually dimorphic species. 
Future revision of Macrothripina should consider to make this nomenclatural change. 
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Validity of Subtribe Idolothripina 
MP83 defined the Idolothripina as possessing a prominent hairy tube (setose), a trait 
considered to be derived in the Idolothripinae. This character is also shared by the 
Hystricothripina, the two subtribes are regarded as sister-groups and are considered 
to be the most derived lineage in the Idolothripinae (Mound & Palmer, 1983b). 
Within the Idolothripina, there is a lack of useful diagnostic characters that can fully 
differentiate genera and even at species level, as a result all nine genera have long 
standing taxonomic problems (c.f. discussions in Mound and Palmer 1983b, Mound 
and Tree 2011). Idolothripina members are generally identified by a series of 
characters listed by MP83 as follows: tube hairy; the males often have striking lateral 
abdominal armature that is absent in females; two pairs of tergal WRS; absence of 
metathoracic sternopleural sutures; anapleural sutures tend to be shorter than in 
Elaphrothripina and Hystricothripina (pg.71, and pg.80 under Hystricothripina, 
Mound & Palmer, 1983b); and forewing duplicated cilia tend to present. The 
‘relative’ nature and rife variability of these characters among members in the taxa 
mean they are not always functionally reliable as diagnostics (e.g., when a few 
random species were examined comparatively, Bactrothrips did not have a shorter 
metathoracic sternopleural sutures than in Hystricothrips). Meiothrips is 
hypothesized to be closely related to Bactrothrips as females of these two genera are 
distinguished with difficulty, and both genera are potentially closely related to 
Idolothrips (pg.71, MP83). The hypotheses that can be tested based on current 
sampled exemplars are discussed below. 
In the current inferred phylogeny, Idolothripina is very nearly monophyletic 
with all sequenced exemplars forming a well-supported clade (#6) but it also 
contained one of the two Hystricothripina genera, Holurothrips. Two well-supported 
lineages are recovered within Idolothripina, which strongly support the paraphyly of 
Bactrothrips—the Oriental Bactrothrips idolomorphus is sister to Meiothrips, while 
the two Australian representatives (B. kranzae and an unknown species TH90) are in 
a clade that also contains Holurothrips and Idolothrips.  
Suggestion that Bactrothrips is paraphyletic is not surprising as the possibility 
of a heterogeneous assemblage is apparent from morphology. I suspect that that some 
species currently assigned to Bactrothrips could be members of other less-specious 
Idolothripina genera. The following discussion develops this idea. Bactrothrips is the 
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most speciose genus in the Idolothripina with a widespread Paleotropics distribution, 
but the majority of species are described from the Afrotropics (Table 1.4). In 
contrast, eight other small Idolothripina genera have been defined by MP83 as the 
Holarctic derivatives of the ancestral Paleotropical fauna. Distinction in the maxillary 
stylets was noted by MP83 for several Idolothripina genera, and recently more 
clearly categorised by Mound and Tree (2011)—i) Bacillothrips and Megalothrips 
have stylets close together medially and deeply retracted into the head; ii) 
Megathrips have stylets widely spaced and deeply retracted into the head; and iii) 
Bactrothrips, Idolothrips and Meiothrips have stylets widely spaced and placed low 
in the head. These distinctions, however, have not been strictly utilised in the 
delineation of Bactrothrips. Examination showed that the alignment and position of 
the maxillary stylets in Bactrothrips species exhibit variability over a very broad 
spectrum which overlaps with the forms found in other less speciose genera. Mound 
and Tree (2011) stated that six Australian Bactrothrips species exhibit the full range 
of the above listed variation in the maxillary stylets. Furthermore, despite Lasiothrips 
and Egchocephalothrips being suggested by MP83 as potential synonyms of 
Megalothrips, Lasiothrips was later synonymised with Bactrothrips by Mound and 
Tree (2011). The generic boundaries of Bactrothrips and other Idolothripina genera 
are therefore ambiguous, with some species currently listed in Bactrothrips 
inadequately diagnosed from other Idolothripina genera, and the variability in 
maxillary styles is without clear taxonomic justification except for the suggestion of 
convergent evolution for adapting certain spore-feeding niches (pg.71, MP83).  
Based on the character study of mouthpart structure throughout this thesis (taxa 
examined in Chapter 2, Table 3.1, Table 4.1, and also related references specimens 
not included in the data matrix), I have formed the impression that while 
convergence of the maxillary stylets shape among genera in a subtribe can occur (as 
demonstrated in the Macrothripina clade#8), the shape should be closely similar 
among congeneric species, and huge variation should be questioned. Even nuanced 
difference, such as those recognised in Carientothrips and Nesothrips, implies a 
different group. Therefore, variation in maxillary stylets in the case of Bactrothrips 
that ranges from a short wide-V to a long and parallel shape, with a weakly defined 
genus boundary that could not be distinguished from the other closely related genera, 
strongly suggest a heterogeneous assemblage.  
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I have further delineated the potential lineages in the paraphyletic Bactrothrips 
based on morphological examination of available study materials:  
i) Bactrothrips species with Paleotropical distribution and Meiothrips from Oriental 
may form a monophyletic lineage (represented here in clade#6 by B. idolomorphus 
and Meiothrips menoni). These species have short maxillary stylets of wide-V shape 
and placed rather low in head when fully retracted, their antennal segments very long 
and slender in the appearance of a distal club with a distinctively cylindrical pedicel; 
the eyes are large and globular; and the head elongated with sinuate cheek margin, 
and a short but prominent projection in front of eyes; their metapleuron rounded; and 
individuals are always macropterous. The characteristics described here are observed 
from slide specimens of B. divergens, B. flectoventris, B. honoris, B. pictipes and B. 
idolomorphus, and also figures published in Dang and Qiao (2012a, 2012b) and 
Okajima (2006).  
ii) The Australian Bactrothrips species (represented here in clade#6 by B. 
kranzae and B. TH90) potentially form another lineage with the less speciose genera 
Megalothrips, Megathrips, and Bacillothrips, with some potentially genus-level 
synonyms. Collectively, the members of this lineage can be identified by the 
following characters: their antennal segments are the ‘normal’ type, which is the 
generalised club-shape but without a distinctively long and slender cylindrical 
pedicel; their thoracic segment appears squarish with the metapleuron not 
particularly swollen; their eyes are smaller and less globular than the Paleotropical 
Bactrothrips species; the head projection in front of eyes is either absent or very 
short; and while often macropterous some species can be wingless. Megathrips in 
particular have a wide rectangular head with no projection in front of the eyes, and 
the maxillary stylets although widely spaced, are long and deeply retracted in the 
head. Megalothrips have a long rectangular head without a projection in front of the 
eyes, very long maxillary stylets that align in parallel shape that close medially, and a 
relatively short tube—these traits strongly resemble the Australian Bactrothrips 
species including B. kranzae and B. aliceae. Furthermore, Bacillothrips is very 
similar to Bactrothrips nativus. As for the three monotypic genera not available for 
examination here—the Neotropical Ceuthothrips and the South African 
Cylindrothrips may be a synonym for Megathrips, and the New Caledonia 
Egchocephalothrips may be synonym of Megalothrips as suggested by earlier 
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literature (Mound & Palmer, 1983b; Mound & Tree, 2011). With that proposal laid 
out, however, currently the resolution in this lineage amongst the Australian 
Bactrothrips species including Idolothrips and Holurothrips is still not well 
understood, and the split between ‘Bactrothrips kranzae + Holurothrips’ versus 
‘Bactrothrips TH90 nested within Idolothrips’ is not particularly well supported (PP 
0.79, BP 52), and require future investigation. 
The well-supported sister relationship between Holurothrips and Bactrothrips 
kranzae in the current study is not explicable by morphology. Holurothrips is 
morphologically divergent from the remaining Idolothripina exemplars in the clade, 
and share more traits in common with Hystricothripina, including two sense cones on 
antennal segment IV (four in Idolothripina), and three pairs of tergal WRS arranged 
rather median of tergites (only two pairs of tergal WRS and arranged more laterally 
in Idolothripina). However, Holurothrips differs from Hystricothripina in possessing 
a well-formed basantra (although the basantra appeared weakly sclerotised or ‘thin’ 
but is well-developed in shape) and a complete transverse mesopraesternum 
(commonly absent or heavily eroded in Hystricothripina). Both basantra and 
mesopraesternum are characters that have not been utilized or discussed in 
Idolothripina diagnostics. Examination here shows that these structures are variable 
among species in this clade and could appear eroded (with irregular margin), and are 
thus not particularly useful diagnostics—for Bactrothrips, both basantra and 
mesopraesternum are well-developed but with slightly eroded margins; for 
Meiothrips, both structures are present but the basantra sclerites appear faint (weakly 
developed); and for Idolothrips, both structures were present and well-developed but 
the basantra appeared faint in I. dissimilis.  
A very large number of nomenclatural changes will be required if the 
classification of the Idolothripina is to reflect the phylogenetic relationships 
discussed here. Therefore, the discussed hypotheses should be further corroborated 
by future molecular phylogenetics that samples across Bactrothrips and also the less 
speciose genera in the Idolothripina, in order to confirm the full range of lineages 
within this subtribe. Concurrently, sampling more Hystricothripina exemplars will 
allow examination of the relationship between the two subtribes, which is currently 
unclear (further discussed below under Hystricothripina). 
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Subtribe Hystricothripina is Underrepresented and Polyphyletic 
The Hystricothripina does not have a clear set of morphological diagnoses, and there 
are several major disparities or exceptions in several characters compared to the 
hypotheses presented by the MP83 dendrogram (Figure 3.1; pg.9, MP83). When 
compared to the subtribe’s hypothesized sister-group Idolothripina which both share 
the trait of hairy tube, Hystricothripina species possess the following traits (which all 
have exceptions in one or more genera): they usually lack forewing duplicated cilia; 
the basantra is usually absent; the majority of Hystricothripina species possess only 
one pair of tergal WRS but the members of several species poor genera have two to 
five pairs (despite Idolothripini sensu MP83 being defined as having more than one 
pair of tergal WRS); number of sense cones on antennal segment IV varies between 
two and four (despite Idolothripini sensu MP83 being defined as having four sense 
cones); and males do not possess tubercles on the lateral sides of their abdominal 
segments. Taxonomy of Hystricothripina remains problematic and the genus 
boundaries are difficult to defined—the species are highly similar in general 
morphology but with differences that are ‘obvious but subtle’ (c.f. pg.80, MP83). As 
a result, diagnoses resort to using combinations of rather arbitrary features, and 
relative comparison of morphologies, including the size and position of major setae 
on the head, presence of wing duplicated cilia and foretarsal tooth, and whether the 
tube is more swollen or more setous. MP83 considered these characters to carry no 
phylogenetic significance, and their use in taxonomy raised many ill-defined and 
species-poor genera. Despite this, there appeared to be no resolution for this 
taxonomically difficult subtribe. Hystricothripina is hypothesized by MP83 as a 
predominantly New World radiation with fourteen genera (Table 1.4), but three of 
which (Holurothrips, Paractinothrips and Neatractothrips) are from the Indomalaya 
ecoregion with Holurothrips extending geographically to Northern Australia, and 
one genus is from West Africa (Hystricothrips). MP83 circumscribed the Neotropical 
genera into two groups—the Actinothrips-group (Actinothrips, Zactinothrips, 
Hybridothrips), and the Zeugmatothrips-group (Zeugmatothrips, Azeugmatothrips, 
Cyphothrips, Saurothrips, Zeuglothrips). The West African Hystricothrips is 
suggested to be a sister-group of the Neotropical forms (pg.84, MP83), while 
Atractothrips which has a New World distribution including Florida, Mexico, and 
extreme South East Georgia, is hypothesized to be a sister-group of the Oriental 
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genera (pg.82, MP83). The hypotheses that can be tested via current inference are 
discussed below. 
Whether there is any group that broadly corresponds with the Hystricothripina 
sensu MP83 is unclear from the current study due to undersampling. The only two 
exemplars available are grossly polyphyletic in the molecular topology, and are 
inadequate to represent the largely Neotropical Hystricothripina. The Oriental 
Holurothrips is nested within the Idolothripina clade (#6) which comprised of 
Australian and Asian species, while the New World Atractothrips is a sister to the 
Pygothripina clade (#3) which comprised of Australasian species. The question thus 
becomes whether the major component of the Hystricothripina (Neotropical 
diversity) would be more related to the Oriental lineage represented by Holurothrips 
and nested within Idolothripina, or be more related to the New World Atractothrips 
sister to Pygothripina, or even constitute an unrelated lineage on its own.  
Morphologically, Holurothrips is quite divergent from both the Neotropical 
Hystricothripina and the Idolothripina. Holurothrips shares with the Neotropical 
species some of the common diagnostics—having two sense cones on antennal 
segment IV; tergal WRS arranged rather median of tergites; and large stout major 
cheek setae. In contrast, Holurothrips has a pair of well-shaped basantra (although 
only weakly sclerotized, as noted by Okajima (2006), pg.107) and complete 
transverse mesopraesternum. The first structure is absent in the Neotropical 
Hystricothripina, while the second structure is greatly reduced to only a small median 
or lateral sclerites. Furthermore, the Holurothrips ornatus sampled in the current 
study has three pairs of tergal WRS, but this trait is variable for the genus from two 
to three pairs in other species (Okajima, 2006). In contrast, most Neotropical 
Hystricothripina species possess only one pair of tergal WRS (except two pairs in 
Atractothrips and Hystricothrips). The other two Oriental genera, Paractinothrips 
and Neatractothrips, are more similar to the Holurothrips in terms of these 
contrasting characteristics found between Holurothrips and the Neotropical 
Hystricothripina. 
The inferred relationship between Atractothrips and the Pygothripina is 
currently not explicable in terms of morphology. Atracothrips’s previously 
hypothesized sister relationship with the three Oriental genera (pg.82, MP83), is not 
supported. MP83 suggested that Atractothrips have a combination of characters that 
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are intermediate between that of Oriental (similar enlarged pair of preocellar setae) 
and Neotropical Hystricothripina (sharing the absence of basantra and 
mesopraesternum, and two sense cones on antennal segment IV). Its aberrant 
morphology is hypothetically due to winglessness (such as the small reduced eyes of 
clustered ommatidia, ambiguous head chaetotaxy, etc.) which further greatly 
diminishes other useful comparative morphological assessments.  
More taxa from the Neotropical and Western Africa will be required in the 
future to resolve Hystricothripina and its relationship with the Idolothripina. The 
current molecular inference suggests that the Hystricothripina is not a natural group 
and may consist of at least two discrete lineages, while available morphological traits 
are insufficient to clearly resolve the taxonomy of these inferred lineages. There is 
also the potential for inaccurate phylogenetic placements due to poor data quality. 
Both exemplars examined here were chimeric with the COI sequence taken from 
different individuals of the same species from those used for sequencing the other 
genes, due to sequencing problems with the original template. 
 
4.4.3 Character Evolution of the Idolothripinae 
The evolutionary history and phylogenetic significance of 16 selected characters are 
discussed here. The purpose was to gain insights into patterns that could benefit 
morphotaxonomy, classification, and future behavioural studies. Results from the 
ancestral state reconstruction may depend on the current phylogenetic framework, 
the taxa currently sampled that exhibit certain traits, and also may be affected by 
missing states score in some outgroups or the lack of resolution in certain 
relationships. However, this is the first step to examine character evolution in the 
Idolothripinae. The most important insight obtained from the current study is that, 
because the molecular phylogeny inferred different backbone relationships than those 
hypothesized by MP83, most of the character evolutionary pattern or purported 
character state directional transitions proposed by MP83 are not supported here. 
Most character-states coded here are not unambiguous synapomorphies, being either 
plesiomorphic (ancestral) or are homoplastic, but they do support a number of 
lineages in the subfamily, or provide evidence against problematic systematics. Some 
of the results here have also been mentioned in relation to their respective lineages in 
the preceding discussion.  
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Major Mound and Palmer (1983b) Tribal Classification Characters 
Character C12. Alignment of maxillary stylets (laciniae) when fully retracted, as 
observed from dorsal view 
 (Figure 4.9) 
Both S2 and S3 defined in this study are considered variation of the ‘long’ maxillary 
stylets which MP83 hypothesized as plesiomorphic for the Idolothripinae (Figure 
3.1). The longest form, S3 in which the stylets are close in the middle when fully 
retracted in the head, is present in the phlaeothripids as exhibited by the outgroup 
Holothrips, and is found primarily in the Pygothripina (clade#3). It is therefore the 
plesiomorphic condition in the subfamily. The S2 stylets also align in a parallel or 
subparallel fashion, but are usually one third of head width apart and are not as long 
as S3. S2 is found in a wide range of unrelated taxa in clades #3 (Pelinothrips), #4 
(Carientothrips acti and Priesneriana), #6 (Bactrothrips kranzae) and #8 
(Celidothrips) plus several genera in the unresolved grade (Allothrips, 
Anactinothrips, Sporothrips). S2 thus appears to be highly homoplasious either as a 
result of convergence or reversals.   
S0 and S1 are refinements of the ‘short’ stylets sensu MP83. S0 (short, widely 
spaced V shaped stylets that associate with short levers) is recovered as the ancestral 
condition for clade#9 that includes the Diceratothripina Nesothrips-group (clade#5) 
plus the Idolothripini (clade#10). It is primarily found in the Nesothrips-group, 
Idolothripina, and majority of Elaphrothripina. S1 (the longer version of the widely 
spaced, V or U shaped stylets that usually have long levers), is recovered as the 
ancestral condition for the clade including Elaphrothripina, Macrothripina, and 
Ethirothrips barretti (the ancestral condition for Elaphrothripina however, awaits 
corroboration in future analyses due to lack of resolution in this clade. Both S0 and 
S1 are homoplasious within Idolothripinae. S1 is the primary condition for the 
Macrothripina, but has also evolved multiple times in unrelated clades, including 
taxa in Pygothripina (Atractothrips and Compsothrips in clade#3), the majority of the 
Diceratothripina Carientothrips group (in clade#4), Priesneriella, and also in at least 
one member of the Diceratothripina Nesothrips-group (N. lativentris).  
The result as discussed above, is somewhat concordant with the MP83 
hypothesis that within Idolothripinae, the condition of ‘long’ maxillary stylets (S2, 
S3) is plesiomorphic as found in the basal lineages, and the condition of ‘short’ 
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maxillary stylets (S0, S1) is a derived condition (Figure 3.1). The results presented 
by the molecular phylogenetics here does not corroborate with the result presented 
by the morphological phylogeny presented in Chapter 3 which inferred the widely 
spaced styles S0 to be the plesiomorphic condition.  
In the current study, members in each major lineage in the topology clearly 
exhibit a ‘characteristic’ or ‘primary’ state. These states however are all either 
plesiomorphic or derived-homoplasy with respect of the Idolothripinae, indicating 
convergent evolution in stylets shape is common. These character states alone 
therefore do not support for the monophyly of any major lineages within the 
subfamily, as they are not clear synapomorphies.  
Defining finer categories of stylets shape is crucial to improving the existing 
suprageneric classification. This is because the type of alignment of maxillary stylets 
has high systematics utility within subsets, but is traditionally rather ambiguously 
defined. The more problematic form of stylets shape has been identified as the 
‘short’ stylets sensu MP83 which carried a notion as also being widely spaced 
stylets. The variation that exists in the widely spaced stylets accounts for many 
suprageneric taxonomic ambiguities, including cases as demonstrated in Chapter 2 in 
the review of Carientothrips and Nesothrips, and as identified through the molecular 
phylogeny for the paraphyletic genus Bactrothrips which possess wide range of 
maxillary stylets. There may be finer categories within the S0 and S1 states than 
defined here. Molecular phylogeny and concurrent comparative study of mouthpart 
structures across higher level are good strategies to improve the utility of the 
mouthpart structures in Idolothripinae systematics at species level and suprageneric 
classification, especially when in combination with other mouthpart structures which 
previously not employed in taxonomy, such as the maxillary palps and levers. 
Through the extensive morphological studies undertaken in this thesis, it is my 
opinion that maxillary stylets shape should be largely similar within a genus, and 
only subjected to convergence at a suprageneric level. Two examples are given as 
follows: 
Taxonomic complications in the Idolothripina, involve several species poor 
genera with restricted geography, and a speciose and widespread genus Bactrothrips. 
Bactrothrips is loosely defined such that it contains species highly variable in the 
alignment of maxillary stylets and that overlaps the smaller genera. Such variation 
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was justified as adaptations to variable feeding niche in this genus (Mound & 
Palmer, 1983b; Mound & Tree, 2011), but this hypothesis is not supported in both 
the morphological and molecular topologies in the current study, which strongly 
suggests the genus’s paraphyly.  
Macrothripina also encompasses genera with highly variable forms of 
maxillary stylets alignment, such as Herathrips (short maxillary stylets, aligned wide 
V shaped and low in head), Celidothrips (long maxillary stylets, aligned subparallel 
in shape deep into head), and Ethirothrips (long maxillary stylets, aligned narrower 
V shaped deep into head). Despite this, the subtribe is recovered as a lineage, 
supported by morphological evidence of the combination of a glabrous tube, one pair 
of tergal WRS, and the absence of metathoracic sternopleural sutures—reaffirming 
MP83’s diagnostic characters of this subtribe. This represents an example of variable 
type of maxillary stylets at suprageneric level. 
 
Character C15. Terminal sensorium of maxillary palp II 
 (Figure 4.10) 
Setae quality of the maxillary palp II terminal sensorium was coded to examine the 
MP83 hypothesis which suggested that an enlarged maxillary palp II terminal 
sensorium that appeared like a third-segment was an apomorphy and main character 
defining the subtribe Allothripina (Mound & Palmer, 1983b). This study supported 
S2 (maxillary palp II terminal sensorium appears enlarged but prominently setal-like) 
as the plesiomorphic state for Idolothripinae. S1 (enlarged with appearance like a 
third segment) is a derived state for the Allothrips but also found in non-Allothripina 
genera in the Diceratothripina Carientothrips-group (clade#4 excluding Priesneriana 
uptoni), and is therefore homoplasious within Idolothripinae. S0 (normal seta of 
various lengths) is a synapomorphy for the clade containing the sister-groups 
Macrothripina + Elaphrothripina plus Bolothrips, but has also derived multiple times 
in several unrelated lineages—the core Pygothripina, Bactrothrips kranzae and 
Holurothrips in the Idolothripina, Malesiathrips and Nesothrips lativentris in the 
Nesothrips-group. S0 is therefore also a homoplasy. These results are in contrast to 
the hypotheses as presented by the morphological phylogeny in Chapter 3, which 
supported S0 as the plesiomorphic state and the other two states as derived 
homoplasy.  
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Currently, the utility of the maxillary palp terminal sensorium as a 
phylogenetic marker or a character for classification within Idolothripinae is 
considered limited. This is because the enlarged maxillary palp terminal sensorium 
with appearance like a third segment is not present in all Allothripina—other than 
Faureothrips and Allidothrips, a further two genera more recently described in this 
subtribe also lack this trait—Anallothrips (Okajima & Urushihara, 1997), and 
Minaeithrips (Mound, 2007). The character study in Chapter 3 reaffirmed that the 
very specific condition of S1 occurred only in Allothrips, Pseudocryptothrips, and 
the non-Allothripina genera Acallurothrips and Carientothrips. Moreover, the two 
states S0 and S2, have been rather arbitrarily defined in this study, because it is 
difficult to unambiguously code for setal quality across Idolothripinae with a broad 
range of body sizes. For example, most Macrothripina are large sized species 
possessing prominent, large maxillary and labial palps of various lengths, but when 
compared in the current study such taxa were coded as ‘normal setae’ under S0. Such 
ambiguity is the reason that setal quality is not functionally reliable as character for 
deep level systematics, despite certain states (such as S1) may be prominent traits for 
some taxa. One other example is the MP83 major character of antennal sense cones 
with the states ‘slender’ or ‘stout’, could not be coded successfully in Chapter 3.  
One important outcome in the current study is the corroboration with the 
decision of other systematists (Mound & Marullo, 1996; Okajima & Urushihara, 
1997; Okajima, 2006) that Bhatti’s (1992) suggestion of raising a family 
Allothripidae is not supported in the phylogenetic context. Bhatti’s Allothripidae 
contains Allopisothrips, Allothrips, Priesneriella, and Pseudocryptothrips, based on 
the possession of a purported three-segmented maxillary palp. Current studies have 
determined that this ‘third-segment maxillary palp’ is in fact an enlarged sensorium 
on the terminal of maxillary palp segment II, is not found in all genera of 
Allothripina sensu MP83, and is also a derived homoplasy being present in non-
Allothripina, and therefore is a weak family-group character. The molecular 
phylogeny shows that although Allothripina as represented by Allothrips and 
Priesneriana is not monophyletic, both are indeed nested within the Idolothripinae. 
As Idolothripinae is a monophyletic group, Bhatti’s (1992) suggestion of 
Allothripidae while all other 700 species of idolothripines being classified under 
272  
Phlaeothripidae with the majority of other phlaeothripids (over 3000 species) is not 
supported. 
 
Character C19. Number of sense cones on antenna IV 
(Figure 4.11) 
MP83 hypothesized that the plesiomorphic number of sense cones on antennal 
segment IV in Idolothripinae was two, based on presence of this state in the 
hypothesized ‘basal-group’ of Pygothripina and Allothripina (pg.6, MP83); while 
three to four sense cones on IV were the derived states (pg.6, 11, MP83)—with four 
sense cones found in most Idolothripinae species, and three sense cones to have 
evolved multiple times in several unrelated taxa, Gastrothrips, some Compsothripina 
(Bolothrips), and some Pygothripina (Cryptothrips). MP83’s general discussion of 
character evolution (pg.4, MP83) however, contradicted their own taxon-specific 
hypotheses, and considered lower numbers of antennal sense cones to be a form of 
reduction.  
The current study clearly shows the plesiomorphic state of number of sense 
cones on antenna segment IV for Idolothripinae is four (S2), while all other states 
(two, three, five) are derived and homoplasious within the subfamily. This 
contradicts Chapter 3’s morphological phylogeny which supports two sense cones as 
the plesiomorphic condition. In the current molecular phylogeny, two sense cones on 
antennal segment IV (state S0) is a derived homoplasy with respect to the 
Idolothripinae, only considered synapomorphic when confined in the Pygothripina 
clade, which interestingly also presents in its currently inferred sister-taxon 
Atractothrips. The state of two sense cones has also derived in other unrelated genera 
including Allothrips and Holurothrips. Similarly, possessing three sense cones on 
antennal segment IV (state S1) is also derived-homoplasy, and has evolved 
independently in three distantly related genera Gastrothrips, Cryptothrips, and 
Bolothrips.  
Overall, the important outcome from this study is to provide support for the 
clarification of apparently circular traditional hypotheses about Pygothripina being 
‘proto-Idolothripinae’ and hence the derived states it possesses (e.g. two sense cones) 
must be plesiomorphic. The molecular phylogeny does not support the MP83 
hypothesis of two sense cones being plesiomorphy for the Idolothripinae. The 
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hypothesized sister relationship of Gastrothrips with Bolothrips, and that both may 
be derived from a Cryptothrips-like ancestor due to possessing three sense cones on 
antennal segment IV, is also not supported. The results however, in turn corroborated 
MP83’s alternative hypothesis that a lower number of sense cones on antennal 
segment IV is a form of reduction (pg.4, MP83). The number of sense cones on 
antennal segment IV, therefore, have limited utility in inferring the suprageneric 
relationship in the Idolothripinae, although this character is very useful as  
suprageneric diagnostics when use in combination with other characters and when 
considering only subsets of Idolothripinae. A curious question raised by the current 
result is the composition of the Hystricothripina, which needs further investigation 
via molecular phylogeny as its members exhibited variable number of sense cones 
(two or four) and this variability is not reflected in the generalised scheme presented 
in the MP83 dendrogram.   
 
Character C20. Basantra 
(Figure 4.12) 
The plesiomorphic state of the basantra (praepectal plates) in Idolothripinae is not 
clear here, as the condition in outgroups is ambiguous. Presence of basantra (S1) 
however is a major state for the Idolothripinae including the Pygothripina clade, 
while the clear absence of basantra (S0) is found only in the Heptathrips, 
Atractothrips, and the outgroup phlaeothripine Holothrips. 
The character study (Chapter 3) included taxa not sampled in the molecular 
study showed that complete absence of basantra is common in certain genera from 
several distantly related subtribes—the Neotropical Hystricothripina (Hystricothrips, 
Zeugmatothrips, Atractothrips, Zactinothrips, and Actinothrips), some Pygothripina 
(Ozothrips, Heptathrips and Cleistothrips), and one Allothripina (Minaeithrips). 
There is continuous variation, however, in the degree of development and shape of 
basantra when the sclerite is present. Most idolothripines have basantra strongly 
sclerotized with smooth margins, but some appear strongly sclerotized yet with 
slightly eroded margins, finally, some taxa including Priesneriella and Cryptothrips 
have basantra eroded more extensively, but this structure was coded as present. The 
continuous variation in shape and development of the basantra sclerite makes it 
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difficult to define clear states to reflect this fine scale variation, even though some 
genera tend to exhibit one of these specific conditions.  
This study demonstrates that the absence of basantra is a derived character, 
probably homoplasious, but unclear if it is plesiomorphic as suggested by MP83. The 
utility of this character as phylogenetic marker across Idolothripinae may be limited 
due to difficulty in defining the quality of the sclerite. This challenge is apparent 
when in the MP83 dendrogram, the basantra character has only been compared for a 
subset of Idolothripinae that includes the Idolothripina and Hystricothripina (Figure 
3.1). The MP83 dendrogram also did not depict the full range of variants that exist in 
the Hystricothripina—while basantra of Hystricothripina was marked as ‘absent’, 
three genera with Oriental to Northern Australia distributions have some form of 
residual sclerites considered to be very reduced basantra (Neatractothrips, 
Paractinothrips) or even well-developed basantra (Holurothrips). Since 
Hystricothripina is polyphyletic in the molecular phylogeny with Atractothrips and 
Holurothrips distantly related, future molecular phylogeny is needed to investigate 
the composition of the Hystricothripina and to see if the New World species versus 
the Oriental-Northern Australian hystricothripines are indeed two separated lineages 
as reflected by their variability in the basantra (also see number of tergal WRS).  
 
Character C27. Metathoracic sternopleural sutures 
(Figure 4.13) 
This study supported the MP83 hypothesis that the presence of metathoracic 
sternopleural sutures (state S0) is a plesiomorphic state in the Idolothripinae. This 
corroborates with the finding in Chapter 3 based on morphological phylogeny. The 
absence of the sutures (state S1) is a derived state and also a strong synapomorphy 
for the currently inferred Idolothripini lineage (containing Idolothripina, 
Elaphrothripina, Macrothripina, Bolothrips and Nesothrips badius). However, the 
absence of suture has also occurred in several taxa (Anactinothrips, Atractothrips, 
Malesiathrips, and Nesothrips propinquus) unrelated to our revised Idolothripini, it is 
therefore homoplasious within Idolothripinae. Several species have the tendency for 
the thoracic ventral sclerites to be eroded to some extent the presence of metathoracic 
sternopleural sutures cannot be assessed. These cases were coded with a different 
state (state S2), distributed on this topology in Heptathrips, Acallurothrips, 
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Allothrips and Priesneriella. Concurrently, these genera also have their basantra 
eroded to varying degrees. 
In Chapter 3, I noted that presence of metathoracic sternopleural sutures does 
not vary within species, and usually develops in a particular shape or length amongst 
congeneric members. The results here corroborated the idea that variation in 
presence of metathoracic sternopleural sutures in a genus or subtribe may indicate 
paraphyly, as exemplified by the Nesothrips species and the compsothripines 
Bolothrips and Compsothrips sampled in the molecular phylogeny.  
Nesothrips is traditionally defined by having sternopleural sutures (like other 
Pygothripini), but contains several species with exceptions (pg.47, MP83). N. 
propinquus, a wing polymorphic species with sutures variable within the species 
(Mound & Walker, 1986) is recovered within the Nesothrips-group (clade#5); while 
N. badius, a functionally apterous species that lacks the sutures entirely, is recovered 
within Macrothripina (clade#8). Furthermore, for the polyphyletic Compsothripina, 
Bolothrips which lacks sutures is nested within the revised Idolothripini (clade#10), 
while Compsothrips which possess the sutures is nested within Pygothripina 
(clade#3). Both species are apterous. These are good examples of ‘exceptions’ to the 
classification system that are not reflected by the MP83 dendrogram. Very often, 
lacking other strong morphological evidences, the absence of metathoracic 
sternopleural sutures amongst Pygothripini sensu MP83 is ignored and considered 
exceptions, especially for wingless species as in the case of Nesothrips badius and 
Bolothrips.  
Despite the absence of metathoracic sternopleural sutures being a homoplasy, 
the character distribution on the molecular phylogeny provided sufficient evidence 
that the presence of the sutures in a species would exclude it from the revised 
Idolothripini. This character is therefore useful for phylogenetic classification of the 
Idolothripinae to some extent (also see number of tergal WRS as follow).  
 
Character C35. Number of tergal WRS observed from tergite III-V 
(Figure 4.14) 
MP83 postulated one pair of tergal WRS to be the plesiomorphic condition within 
Idolothripinae, while two or more were derived states for the Idolothripini (Figure 
3.1). Additionally, there is a notion for transitional evolution from one pair in 
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Pygothripini to two or more pairs in the Idolothripini, and the character of number of 
tergal WRS was emphasized over the character of metathoracic sternopleural sutures 
in the classification. The transitional evolutionary direction of the number of tergal 
WRS is not supported in this study. This is based on the recovery of Macrothripina 
nested within the Idolothripini, instead of being a sister of the Idolothripini as 
postulated by MP83.  
In the current study, the plesiomorphic state of tergal WRS in Idolothripinae is 
ambiguous between that of one pair (S0) and two pairs (S1), due to uncertain states 
in the outgroups. A single pair of tergal WRS (S0) appears to be the primary 
condition for the Idolothripinae except for the Pygothripina (clade#3). This partially 
corroborates with MP83 hypothesis that the plesiomorphic condition for the 
subfamily is one pair. However, this notion needs future study in particular in 
investigating the placement of Atractothrips. On the other hand, two pairs (state S1) 
or more (state S2), are derived-homoplasious states for the subfamily, which supports 
MP83 hypotheses and rejects the hypothesis presented by the morphological 
phylogeny in Chapter 3. Two pairs of tergal WRS is the ancestral condition derived 
independently for the Idolothripina (clade#6) Elaphrothripina, (clade#7) and also in 
Malesiathrips, a member of Elaphrothripina recovered as unrelated to the rest of the 
members in the subtribe. Meanwhile, three pairs of tergal WRS is a derived state in 
the Holurothrips of the Hystricothripina (but the three species in this genus are 
known to vary from two to three pairs) and also Mecynothrips of the Elaphrothripina.  
Recognising two or more pairs of tergal WRS as derived homoplasious states 
has great implications for systematic practice in the Idolothripinae, such that this 
character cannot be considered more reliable than the metathoracic sternopleural 
sutures in subtribal placement. The findings here illuminate many existing areas of 
systematic confusion. For example, without the preconceived idea that the number of 
tergal WRS delineates the Pygothripini (one pair) and the Idolothripini (two or more 
pairs), the apparent sister relationship between Macrothripina (one pair of tergal 
WRS) with the Elaphrothripina (two pairs of tergal WRS) instead of the entire tribe 
Idolothripini becomes justified, as members of Macrothripina and Elaphrothripina 
look alike in general morphology including sharing the absence of metathoracic 
sternopleural sutures. In another example, the Anactinothrips was hypothesized by 
MP83 to be an aberrant Elaphrothripina or potentially a sister of the rest of the 
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Elaphrothripina due to possessing only one pair of tergal WRS. This hypothesis is 
not supported here as Anactinothrips is unrelated to the Idolothripini, instead is a 
sister-group to Sporothrips which also has one pair of tergal WRS. Furthermore, 
Hystricothripina sensu MP83 contains members exhibiting variable numbers of 
tergal WRS from primarily one pair (the New World genera), to two pairs 
(Hystricothrips from West Africa, and some Holurothrips), and three or more pairs 
(the three Oriental genera Holurothrips, Neatractothrips, Paractinothrips). This 
range of variation is not reflected in the MP83 dendrogram that only portrays 
Idolothripini as having two pairs of tergal WRS. As Hystricothripina is polyphyletic 
in the molecular phylogeny, more research is needed to investigate the composition 
of this subtribe, and to test whether its members that possess different number of 
pairs of tergal WRS are independent lineages or otherwise. 
 
Character C40. Tergite X (tube) surface setae 
(Figure 4.15) 
MP83 postulated that a glabrous tube surface is the plesiomorphic condition of 
Idolothripinae, while the hairy tube is a derived character being found in the 
purportedly more-advanced sister-groups Idolothripina and Hystricothripina.  
The current study corroborated the MP83 hypothesis that bald or glabrous tube 
surface (S0, including those with visible minute setae or setal pores under high 
magnification) is the plesiomorphic state for the Idolothripinae. This is also 
supported by the result based on morphological phylogeny in Chapter 3.  
Prominently setose or hairy tube (S1), however, is a derived homoplasy within 
Idolothripinae. The proposed evolutionary direction for the tube surface setae—from 
glabrous in Pygothripini and Elaphrothripina of the Idolothripini, to hairy in the 
‘most advanced’ sister-group Hystricothripina and Idolothripina—is not supported 
by the current result. Even though possessing hairy tube appears to be a 
synapomorphy for the Idolothripina, the molecular phylogenetic framework 
recovered here is different from the scheme of MP83 dendrogram, such that 
Idolothripina is not a distal clade and not the only taxon that possesses hairy tube. 
Hairy tube is also present in the unrelated genus Acallurothrips that possess a 
swollen tube with short stout setae. Additionally, it is interesting to note that 
Atractothrips which is different from other Hystricothripina members in not having a 
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particularly hairy tube (only prominent setal pores with minute setae) has been 
recovered as sister to the core Pygothripina instead, although this relationship is 
unclear based on other morphologies.  
 
Reproductive Strategy and Combat Armature 
Several characters were selected for character mapping to examine the character 
distribution of reproductive modes and combat armature that are attributes unique to 
mycophagous thrips.  
 
Character C42. Reproductive modes of oviparity versus ovoviviparity/viviparity 
(new character) 
(Figure 4.16) 
S0 oviparity 
S1 viviparity or ovoviviparity (observed well-developed embryo in female 
taxonomic specimens or from literature records) 
 
Ovoviviparity (laying eggs that hatch soon after being deposited) and viviparity 
(giving birth to live young) are two modes of reproduction that have been reported 
for the mycophagous tubuliferans (primarily in the Idolothripinae), in contrast to the 
typical condition of oviparity (laying eggs that require time to develop after 
deposition) (Crespi, 1989; Kranz et al., 2002). While it was not possible to observe 
and score oviparity from mounted specimens, it was possible to ascertain the 
alternative states of ovoviviparity or viviparity by observing well-developed embryos 
from the abdominal section of females, in the form of head capsule containing well-
formed maxillary stylets, antennae segments, body setae and darkened tube segment. 
Such observations were made from a series of slides from Malaysia examined as part 
of the current study, of species in Elaphrothripina, Idolothripina, and Macrothripina. 
On one occasion as many as eight head capsules were counted from the abdominal 
segments of a Bactrothrips idolomorphus individual. 
Here, S0 coded for the postulated plesiomorphic condition of oviparity, while 
S1 coded for both reproductive modes of viviparity or ovoviviparity as reported in 
the literature and also for when direct observations of well-developed embryo in 
females from mounted taxonomic slides were available. The coding was based on the 
assumption that in the absence of evidence for viviparity/ovoviviparity in a given 
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species it likely reproduces by oviparity. Furthermore, currently unambiguous 
evidence for distinguishing between the ovoviviparous and viviparous modes of 
reproduction cannot be achieved, as there are no studies reporting embryo 
development stages for the phlaeothripids, thus it is unclear if the observed embryos 
would be laid as live young or still require external development after birth. Existing 
reproductive mode experimental studies involved mainly species from two genera 
(Elaphrothrips and Bactrothrips) that could switch facultatively between oviparity 
and ovoviviparity/viviparity (Crespi, 1989, 1990; Kranz et al., 2002). 
Character mapping indicates that ovoviviparity/viviparity is a derived and 
homoplasious state exhibited by species in our redefined Idolothripini (Bactrothrips 
in Idolothripina; Meiothrips and Elaphrothrips in Elaphrothripina; Machatothrips 
and Ethirothrips in Macrothripina) and also in Anactinothrips which was part of the 
unresolved grade at the base of clade#9. Other genera with species observed or 
recorded for ovoviviparity/viviparity but not included in the current molecular 
phylogeny are Hystricothrips, Neatractothrips, Tiarothrips, Mecynothrips, 
Campulothrips, and even an unidentified outgroup Phlaeothripinae (ID123). The 
distribution of ovoviviparity/viviparity (including taxa not included in the molecular 
phylogeny), suggested that this attribute is primarily exhibited by members of the 
redefined Idolothripini clade (#10), and has not been recorded in Pygothripini sensu 
MP83 except in Campulothrips and Sporothrips—both of which are monotypic, 
large sized, divergent members of the Diceratothripina with ambiguous taxonomy. 
Sporothrips is currently inferred to be neither related to the Diceratothripina nor the 
Idolothripini, and may constitute an new lineage which requires future corroboration.  
Ovoviviparity or viviparity in Idolothripinae has been suggested to be 
reproductive strategies adopted by females when they are under pressure from 
resource competition and mite predation on eggs, while oviparity may be adopted 
when under pressure from mate competition (Kranz et al., 2002). Viviparous females 
who predate on the egg masses of conspecific oviparous females were found to show 
increased fecundity, which can be an important selective pressure favouring 
subsocial behaviour of parental care of egg masses (Crespi, 1990). This attribute 
therefore may be closely associated with the subsociality, fighting behaviours, and 
the evolution of combat armature as observed in mycophagous thrips.  
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Character C23. Male forefemur coxa surface with ridges or files 
(Figure 4.17) 
The presence of forefemur coxa surface ridges or files in males (state S1) is a derived 
state that is found in the sister-genera Anactinothrips (Elaphrothripina) and 
Sporothrips (Diceratothripina). This suggests that the structure may have 
evolutionarily significance. Another genus not included in this topology here that 
possesses this structure is Diceratothrips, therefore, may also be part of this lineage, 
as it also shares a New World distribution. This structure may be one of the few 
examples of an apomorphy for a potentially novel clade composed of taxa currently 
classified in separate subtribes based on other major characters. More details are 
available in discussion for the Diceratothripina. 
 
Character C24. Foretarsal tooth 
(Figure 4.18) 
Three states were coded—absence of foretarsal tooth in both sexes (S0), presence of 
foretarsal tooth in both sexes (S1), and presence of foretarsal tooth only in the males 
(S2). All three states are found to be homoplasious in the Idolothripinae, and there 
does not seem to be any obvious direction for the evolution of foretarsal tooth in 
Idolothripinae. However, major lineages do appear to show a primary state, and this 
could be useful for morphotaxonomy and classification at various taxonomic levels. 
The plesiomorphic state in Idolothripinae is ambiguous between that of S0 and 
S1. The phlaeothripine outgroup Holothrips and the Pygothripina both primarily 
possess foretarsal tooth in both sexes. Other major lineages in Idolothripinae largely 
possess foretarsal tooth in either one or both sexes, and only rarely are foretarsal 
teeth absent from both sexes (e.g. Atractothrips, Emprosthiothrips, Malesiathrips) or 
an entire lineage (Idolothripina clade#6). The implication of the complete absence of 
foretarsal tooth in the entire lineage of Idolothripina may be correlated with the fact 
that combat armature of this subtribe is adorned on the abdominal segments instead, 
and this is further discussed under Character C38 below. It is worth mentioning that 
based on literature records (Mound & Palmer, 1983b): i) in Idolothripina, only the 
monotypic Ceuthothrips has foretarsal tooth in both sexes and its male lack drepanae, 
and ii) while most Hystricothripina (three species in Actinothrips, the 
Azeugmatothrips, Cyphothrips, Hystricothrips, Saurothrips, and Zactinothrips) have 
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foretarsal tooth only in males, the Oriental genera Paractinothrips and 
Neatractothrips and Holurothrips lack foretarsal tooth entirely. Hence, the current 
inferred position of Holurothrips in the Idolothripina clade is interesting.  
Carientothrips calami, the sister to the rest of the Carientothrips species (in 
clade#4) is the only Carientothrips species that have foretarsal tooth present in both 
sexes. 
All the Nesothrips species in the core Nesothrips-group (clade#5) lack 
foretarsal tooth in the females, in contrast the morphologically similar 
Neosmerinthothrips which possess foretarsal tooth in both sexes. This character thus 
appears to be potentially useful in improving the delineation between Nesothrips and 
Neosmerinthothrips. 
Finally, having foretarsal tooth present in both sexes (state S1) appears to be 
the ancestral condition for the sister-groups Elaphrothripina and Macrothripina. But 
several taxa within this lineage (Elaphrothrips, Mecynothrips, some Ethirothrips, 
and Nesothrips badius) have reverted to state S2 of foretarsal tooth only present in 
males, and furthermore some females of Elaphrothrips are known to possess small 
foretarsal tooth (Palmer & Mound, 1978). 
 
Character C38. Abdominal segments lateral specialised structures 
(Figure 4.19) 
Idolothripina is known for the males typically possessing an ‘armoured’ abdominal 
segment with modified dagger-like setae, tubercles, or drepanae, while they 
uniformly lack foretarsal tooth (c.f. discussion under C24), except an odd case of the 
monotypic genus Ceuthothrips that has foretarsal tooth present in both sexes while 
the males lack drepanae. This provides an interesting opportunity to study the 
evolutionary hypothesis on the loss of foretarsal teeth and the gain of abdominal 
armature in the Idolothripina, and whether the Idolothripina species exhibit a 
different type of combat strategy than those reported by Crespi for the 
Elaphrothripina (1986).  
The plesiomorphic condition is clearly ‘normal’ (state S3), which is the lack of 
any obvious modified setae. The state S2 is not a strongly sexual dimorphic 
character, as lateral tergal setae are mounted on the abdominal lateral tubercles in 
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both sexes. S2 is homoplasious within Idolothripinae having derived multiple times 
in unrelated taxa, the Atractothrips, Malesiathrips, Holurothrips, and Mecynothrips. 
This state may be arbitrary and is most probably an observation reflecting the general 
body shape of these species.  
Two types of specialised abdominal lateral structures that are present in males 
only, states S0 and S1, are distributed only within the Idolothripina clade. The 
ancestral state for this clade however, is ambiguous. State S0, the possession of 
drepanae, is found in Bactrothrips, but was not coded for B. sp. TH90 as this is an 
unknown species. State S1, with abdominal lateral tergal setae modified and mounted 
on raised tubercles, is found in Idolothrips. Most Meiothrips species would have 
been coded with S1 as the males have stout, dagger-like modified abdominal tergal 
setae, but the species sampled here, M. menoni, possesses the normal lateral 
abdominal condition. It would seem that current sampling of taxa is insufficient to 
reveal the full story about variation of this character in the Idolothripina.  
 
Other Characters 
Character 7. Compound eye development and shape 
(Figure 4.20) 
One of the major sources of confusion in earlier attempts to code for the compound 
eye trait was the description of ‘well-developed eyes’ used in taxonomic 
publications. Attempts to characterise the types of eyes present in Idolothripinae 
resulted in five character states, with two of these (S3 and S4) defined for the 
condition of ‘well-developed’ compound eyes, and three states (S0, S1, S2) defined 
for the condition of ‘reduced’ compound eyes. 
All states coded here are homoplasious in the Idolothripinae. The 
plesiomorphic state is S3, compound eyes that are considered well-developed but 
with ommatidia loosely packed with gaps between the facets. This eye condition was 
present in the terebrantian and phlaeothripid outgroups, and is considered to be the 
ancestral condition for the Pygothripina (clade#3) and the Carientothrips-group 
(clade#4).  
S4 is the most advanced compound eye condition in Idolothripinae, coded for 
usually large, well-developed eyes with tightly packed ommatidia but includes 
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different types of eye shape (all eye shapes were assigned under this state due to 
difficulty in designating discrete states as the shapes are essentially continuous). This 
state is a synapomorphy for the major clade#9 containing the Nesothrips-group, 
Idolothripina, Elaphrothripina, and Macrothripina. This state however is 
homoplasious within Idolothripinae as it has also derived independently in 
Pygothripina by Pelinothrips and Phaulothrips, some of the Carientothrips species, 
and the lineage of Anactinothrips + Sporothrips. 
Finally, the reduced eyes form of states S0, S1, and S2 are all homoplasious 
and appear to have evolved independently multiple times across the Idolothripinae, 
primarily associated with apterous species of Idolothripinae. Compound eyes that are 
reduced with only a few loosely packed, bulgy and irregularly shaped ommatidia 
(S0) is present in Allothrips and Priesneriella. Compound eyes that are reduced with 
a few large facets tightly clumped together (S1) is found in Atractothrips, and 
Carientothrips loisthus. While a condition that is similar to S1 in that the facets are 
clumped together but with higher facet number (S2) is found in Emprosthiothrips, 
Carientothrips acti, and Malesiathrips. 
  
Character C11. A pair of ommatidium-like structure on lateral margin of 
cheeks 
(Figure 4.21) 
The presence of a pair of ommatidium-like structures on the lateral margin of the 
cheek was observed in Chapter 3 to be predominantly present in members of the 
Macrothripina, and also more rarely in members of other subtribes including the 
Elaphrothripina, Hystricothripina, and the Diceratothripina. The distribution of this 
trait in Idolothripinae however, is not fully captured in the molecular topology due to 
the lack of sampling for taxa in possession of the trait. The presence of this trait is 
variable within a genus, for example, some Celidothrips and Dinothrips species have 
the pair of ommatidium, but it was not present in the exemplar used in the molecular 
topology, resulting in the character’s distribution appearing more restricted than is 
really the case. 
What we do know currently is that the trait is derived and homoplasious for the 
Idolothripinae, but may have originated in the common ancestor of the lineages in 
redefined Idolothripini (clade#10). Determining the composition of the 
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Hystricothripina, and the relationship of Hystricothripina and Phacothrips (a 
Diceratothripina genus with this trait) with respect to the currently inferred 
Idolothripini, are therefore crucial to further understand the evolution of this trait. 
The function of this odd pair of simple eyes is difficult to deduce without 
additional knowledge of the life history of species that possess it. Across insects 
more broadly, possessing simple eyes additional to the usual triple dorsal ocelli in 
adult individuals is rare. The only parallel examples are cases reported for male scale 
insects (Hemiptera, Coccoidea), where supernumerary simple eyes surround the head 
in different combinations for different families as detailed in the review by Gullan 
and Kosztarab (1997). The arrangement of simple eyes in a horizontal ring 
surrounding the head of male scale insects is suggested to be related to their 
behaviour of maintaining vertical body axis during flight (Duelli, 1985). In 
Idolothripinae, all species that possess a pair of simple eyes on the dorso-lateral 
margin of the cheek are large bodied species with strongly developed wings, thus the 
ommatidium-pair on the lateral cheek may also be a derived character related to 
flight behaviour.  
 
Character C14. Relative length between maxillary palp segments I and II 
(Figure 4.22) 
In Chapter 2, a longish form of maxillary palp segment I (rectangular, length 
measured two times or more width) was discovered to be useful diagnostic character 
for Carientothrips, effectively distinguishing this group from Nesothrips with which 
it had long been confused. The character study of maxillary palps form (Chapter 3) 
found that there was additional variation in this trait within the Idolothripinae. 
Attempts to discretise the observed variation, however, resorted to subjectively 
defined categories based on ratio, producing four states. This study however 
acknowledges the apparent weakness of these arbitrary character states.  
All the states coded (except for S2 that was not represented in the taxa used for 
the molecular topology) for maxillary palp segment condition appear to be 
homoplasious within Idolothripinae.  
The plesiomorphic form of maxillary palp segment condition in Idolothripinae 
is state S0, which is a short segment I that is quadrate in shape, and segment II that is 
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significantly longer than segment I, with an arbitrary ratio defined for taxa in this 
study of more than four times the length of segment I.  
Another state similar to S0 (quadrate segment I with a longer segment II) but 
with the segment II relatively shorter with a ratio of 1.5 to 5.5 times of I, was coded 
as S3. This state is a synapomorphy for the clade containing Bolothrips, 
Elaphrothripina and Macrothripina. Several taxa within this clade, however, have 
reverted to S0 with a longer segment II. 
 The longish maxillary palp segment I identified in Carientothrips was coded 
as state S1. Meanwhile, another form with longish maxillary palp I but with segment 
II significantly longer than I, is coded as state S2 (but this state is not represented in 
the molecular topology). S1 is represented by some members of the Pygothripina 
clade (Pelinothrips and some Phaulothrips spp.) and the Diceratothripina 
Carientothrips-group (clade#4). In particular, exemplars from the latter clade quite 
convincingly share a homologous form of maxillary palp coupled with the enlarged 
form of the terminal sensorium on maxillary palp II (Character C14), further 
convince of the resolution of sister relationship between Carientothrips and 
Acallurothrips. S1 is however a derived homoplasy in the Idolothripinae, although it 
still has systematics utility for genus level taxonomic characterisation as 
demonstrated in Eow et al. (2014).  
 
Character C17. Antenna segmentation 
(Figure 4.23)  
The plesiomorphic state for antenna segmentation in the family Phlaeothripidae is 
purportedly eight segmented (Mound et al., 1980), which is a well-supported 
hypothesis. MP83 however hypothesized the ancestral state in Idolothripinae being 
seven segmented antenna because members in the subtribes considered least 
advanced (Pygothripina and Allothripina) tend to show this state. Further, MP83 
suggested that the number of antennal segment underwent reversals to eight (the 
ancestral state in Phlaeothripidae), and secondary reductions to seven or fewer 
segments in the Idolothripinae several times.  
Current analysis could not clearly resolve the ancestral state of antennal 
segments for the Idolothripinae, due to missing data for some of the outgroups. 
Furthermore, state S2 (nine segmented antennae) is a new character state defined 
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here for the terebrantian outgroup, Cycadothrips. It is clear, however, that the 
majority of Idolothripinae have eight segmented antennae (state S0), and the 
tendency for terminal antennal segments to fused (or not fully differentiated) with 
partial suture or no suture (completely fused) between the segments (state S1) is a 
homoplasy that has derived independently multiple times in several genera from 
unrelated lineages—in the outgroup Holothrips, and the ingroup Heptathrips 
(Pygothripina), Priesneriana and Acallurothrips (Carientothrips-group), plus 
Allothrips and Priesneriella from the unresolved grade. It is also clear that members 
of the major clade (#10) composed of the Diceratothripina-Nesothrips-group plus 
Idolothripini always have eight segmented antennae. 
 
Character C22. Proventriculus 
(Figure 4.24) 
The presence of a proventriculus with a purported spore-grinding function (state S1) 
is an unambiguous synapomorphy of the main monophyletic Elaphrothripina clade 
(#7). Ophthalmothrips is not coded for this character as the sequences for this 
exemplar were taken from Genbank for an unidentified species in this genus, 
precluding direct examination of this character. Congeneric species were, however, 
examined in the course of this study (Chapter 3) and found to possess a 
proventriculus.  
Not all species currently placed in the Elaphrothripina possess a proventriculus 
(c.f. C22. Chapter 3). Interestingly, in this study, both exemplars that lack a 
proventriculus, Anactinothrips and Malesiathrips, are placed outside the 
monophyletic Elaphrothripina clade.  The possession of a proventriculus would 
therefore appear to be an important diagnostic feature for a revised definition of this 
subtribe.  
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4.5 CONCLUSION 
Molecular phylogenetic analyses using BI and ML were conducted on a dataset of 
3184 bp, concatenation from four genes (COI, H3, Tub1-alpha, 18S rRNA), with 75 
terminal taxa in which 62 were idolothripines representing 33 of the 81 recognized 
Idolothripinae genera and all nine subtribes proposed in the MP83 classification.  
Based on the molecular phylogenetic framework as presented by the BI 
topology, we are able to infer the following major inferences. The subfamily 
Idolothripinae is monophyletic with respective to the Phlaeothripinae, while 
Phlaeothripinae is paraphyletic. All MP83 tribes and subtribes are non-monophyletic. 
Six lineages are recovered within Idolothripinae in the present with reasonable 
support, corresponding to MP83’s Pygothripina, Idolothripina, Elaphrothripina, 
Macrothripina, including at least two major lineages in a polyphyletic 
Diceratothripina. On the grounds of the recovery of Sporothrips + Anactinothrips as 
sister-groups, there may be a lineage currently undefined in Idolothripinae or which 
correspond to the New World Diceratothrips, which is supported by a putative 
sexual dimorphic autapomorphy. The Gastrothripina, Hystricothripina, 
Compsothripina, Allothripina are underrepresented here, and the latter three taxa are 
non-monophyletic. Inferred relationships between the major lineages in general are 
incongruent with their corresponding MP83 hypotheses. Pygothripina is recovered as 
the sister group for all other Idolothripinae in the better supported BI tree, however 
Diceratothripina Carientothrips-group is the sister group for all other Idolothripinae 
in the ML tree. Macrothripina is not a sister-group of the tribe Idolothripini. The 
Idolothripini needs to be revised to include Macrothripina, which is sister to the 
Elaphrothripina. Idolothripini is sister to the Diceratothripina Nesothrips-group. 
Underrepresented and/or polyphyletic subtribes, including the Allothripina, 
Gastrothripina, Hystricothripina, Compsothripina, and Diceratothripina, are crucial 
targets for future sampling to further investigate their compositions and to resolve the 
relationships between them with respect to the currently inferred, better-resolved 
lineages in particular the Idolothripini (#10). The majority of underrepresented taxa 
are from the New World, Afrotropic and the Palaearctic ecozones.  
The notion of the Idolothripinae ‘ancestral lineage’ is clarified, such that no 
extant taxon is more derived or more ancestral than any other. Therefore, even 
though on the basis of our results Pygothripina could be regarded as the ‘basal-clade’ 
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for the Idolothripinae (in accordance with the MP83 hypothesis), the lineage is 
merely a sister-group to the rest of the idolothripines, and cannot be considered as the 
‘proto-Idolothripinae’ or the ancestral group. Character states however, can be 
discussed as plesiomorphic (ancestral) or derived when compared relatively in the 
context of a specific taxon, with the awareness that taxa that possess more 
plesiomorphic character states do not equate to an ancestral lineage. With the help of 
the molecular topology, we are able to gain insight in how circular reasoning was 
involved when deducing relationships and character evolution hypotheses. One 
important example is the evolution direction of the number of sense cones on 
antennal segment IV. MP83 proposed that because Pygothripina had the most 
number of plesiomorphic traits, it was therefore referred as the ancestral lineage, and 
placed as the basal clade. Following this reasoning, some other traits exhibited by the 
Pygothripina were also regarded as plesiomorphic, such as the possession of two 
sense cones on antennal segment IV. The molecular phylogeny currently inferred, 
however, supports four sense cones as the plesiomorphic state while two sense cones 
is a derived homoplasy.  
Traditional discussions about primitive versus derived characters are evaluated 
from character mapping on the BI topology. Most hypotheses of the directional 
evolution proposed by MP83 for the major morphological characters are not 
supported by the molecular phylogenetic framework. The inferred lineages 
corresponding to several proposed MP83 subtribes in the molecular topology show 
that conventional systematics based on intuitive morphology and known 
geographical information have successfully captured the notion of several natural 
groups. However, these are inadequate to infer deeper suprageneric relationships and 
to resolve the placement of ambiguous species in the current MP83 classification 
scheme.  
Where problems have been identified with placement of particular taxa in the 
topology, possible explanations and suggestions are offered under their respective 
current classification, which may be used in refining taxonomic limits across the 
Idolothripinae. Where problems cannot be explained on the basis of available 
morphological data, it is imperative to sample more exemplars in future molecular 
inferences to make further deduction, and suggestions are also given for the direction 
of such targeted sampling. Hypotheses regarding possible novel lineages are 
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provided throughout the discussion, however, until the phylogenetic hypotheses 
presented here have been tested and corroborated in future studies with more 
exemplars and/or additional genes, the current molecular phylogenetic framework is 
not a robust basis on which to make major formal changes to the Idolothripinae 
classification.  
Concatenated genes molecular data has shown great potential to infer a 
phylogeny of the morphotaxonomically difficult Idolothripinae. More informative 
genes will be needed in future study to increase the robustness of the inference. COI 
appeared to be the most informative gene for resolution of terminal taxa at the genus 
level, but recurrent amplification and sequencing failure for a significant number of 
taxa was a problem. The 18S rRNA gene region was highly conserved and the 
extensive length heterogeneity between species complicated alignments, and the 
dataset unable to resolve any but the oldest splits in the phylogeny. The possible 
effects of allelic heterogeneity noted for TubA and H3 in the phylogenetic inference 
are unknown, but both genes analysed individually produced considerably less well-
resolved topologies than the COI with spurious taxa groupings, indicating 
insufficient information in the dataset. Despite both of these nuclear protein-coding 
genes amplifying well, the numbers of ambiguous bases in each gene sequence were 
high and the contig editing required to use these genes was neither time efficient nor 
without ambiguities. Future studies should prioritise additional molecular markers 
due to the limited informativeness of the genes used here. 
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 General Discussion and Chapter 5:
Conclusion 
5.1 INTRODUCTION 
The problems with perplexing taxonomy and classification of the Idolothripinae have 
long been acknowledged, but until now no study has debated the fidelity of the 
widely used MP83 classification. This research is the first to examine the 
morphological attributes across Idolothripinae at the generic and suprageneric level 
in the context of phylogenetics, with the aim of defining homologies and their 
variation in the subfamily. Phylogenetic analyses were conducted using both 
morphological and molecular dataset separately. Ultimately, the Bayesian inferred 
molecular phylogeny was used as a framework to investigate MP83 classification 
and the associated hypotheses on relationships between subtribes and on the 
character evolution. In the following sections, I provide general discussion and 
synthesis from the findings of the three research chapters, on the current 
phylogenetic framework, utility of morphology in systematics and cladistics, and 
future recommendation for the advancement of Idolothripinae systematics.  
 
5.2 CURRENT PHYLOGENETIC FRAMEWORK FOR THE 
IDOLOTHRIPINAE 
In the current study, I have used the BI-based molecular topology as the phylogenetic 
framework to investigate my research questions. Although nodal support varies and 
some nodes not well-supported, in general the relationships inferred between the 
major lineages are convincing based on corroborating morphological evidences. Six 
relatively well-resolved major lineages are recovered within the Idolothripinae that 
broadly correspond with MP83 classification system for the subtribes Pygothripina, 
Idolothripina, Elaphrothripina, Macrothripina, and the clearly polyphyletic 
Diceratothripina consists of two distinct lineages, the Carientothrips-group and the 
Nesothrips-group.  
Depending on inference method (BI or ML), either the Pygothripina or the 
Carientothrips-group is the sister-group to all other idolothripines, meaning members 
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of this subtribe are most distantly related to all other idolothripines. A relatively well 
resolved major clade encompasses the Nesothrips-group as sister to a modified tribe 
Idolothripini. Within the Idolothripini, The Macrothripina and Elaphrothripina are 
sister-groups. This lineage then shares a common ancestor with the Idolothripina, and 
collectively all three subtribes may be considered correspond to a modified tribe 
Idolothripini, with the expansion to include Macrothripina.  
The Diceratothripina is most polyphyletic subtribe as inferred here, with two 
major lineages (Carientothrips-group + Acallurothrips, and Nesothrips-group), and 
at least two species members distantly related to the rest, either nested in a major 
clade (Nesothrips badius nested in Macrothripina) or in its own clade (Sporothrips is 
sister to Anactinothrips). The relationship of Sporothrips + Anactinothrips is an 
interesting finding that suggests a potential distinct lineage not previous defined in 
the classification, supported by the shared possession of sexual dimorphic character 
C23 of ridges or files on the male forefemur coxa surface, and their New World 
distribution. This sexual dimorphic character was previously overlooked as having 
phylogenetic signal, due to other major MP83 diagnostic traits (primarily number of 
tergal WRS and presence of metathoracic sternopleural suture). More research is 
needed to fully elucidate this lineage of a potential new suprageneric taxon by 
sampling possible closely related species that possess the male forefemur coxa ridged 
structure. Other subtribes are underrepresented and their relationships are unclear 
from current study—Hystricothripina, Allothripina, Gastrothripina, Compsothripina, 
but potential lineages and future target sampling have been discussed under each 
section.  
The sister relationship of Macrothripina and Elaphrothripina is a crucial finding 
that challenges the MP83 classification of the two tribes Pygothripini and 
Idolothripini and associated hypotheses—the relationship between the tribes, and the 
character states evolutionary transition proposed for seven of the eight major MP83 
characters tested in this study. As a result of Macrothripina actually being part of the 
Idolothripini lineage, having one pair of tergal WRS is no longer considered a 
defining trait of the Pygothripini, and the Idolothripini can be defined by the absence 
of the metathoracic sternopleural suture. Because the absence of metathoracic 
sternopleural sutures is also found in some members of the Pygothripini, however, 
there will still be cases of ‘exceptions’.  
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5.3 MORPHOLOGICAL ATTRIBUTES AND THE UTILITY IN 
IDOLOTHIRPINAE SYSTEMATICS AND CLADISTICS 
Based on hindsight from all three research chapters, it became clear that there is a 
genuine lack of useful, informative morphological characters in the Idolothripinae.  
Morphological phylogenetics was attempted for the first time for Idolothripinae 
in Chapter 3. The phylogeny turned out to be not robust, with weakly resolved clades 
with poor statistical support. There appeared to be insufficient signal in the 
morphological dataset to infer major lineages as well as relationships between them. 
Despite this, it was during Character 3 that the morphologies of Idolothripinae were 
thoroughly scrutinized, resulting in new insights in the concept of homology versus 
characters used in morphotaxonomy, and how some ambiguously defined characters 
may have impeded Idolothripinae systematics.  
Meanwhile, character mapping on the molecular phylogenetic framework 
showed that the existing MP83 classification for Idolothripinae based on intuitive 
morphology, life history and geographical distribution pattern successfully captured 
the composition of some natural suprageneric groups, but were insufficient to 
delineate these groups as robust taxonomic units or to infer the relationships between 
them. Many characters states are simply either plesiomorphic or homoplasious, 
therefore, while some states may appear to be exhibited by a certain lineage, they can 
also occur in unrelated taxa either due to reversals or convergence. Because there is a 
lack of synapomorphies, natural groups in Idolothripinae simply could not be defined 
based on any character states, and the combinations of the major characters often 
overlap especially for subtribes under the same tribe. This provided explanation to 
some of the problems encountered in Idolothripinae systematics pertaining definition 
of suprageneric taxa and the common cases of ‘exceptions’ in taxon assignments to 
groups. 
As a result from character study in this thesis, several morphological attributes 
of the Idolothripinae are delineated as follow.  
Idolothripinae comprises of species with a diverse range of body sizes and 
derived characters, and also exhibit high morphological plasticity related to sexual 
dimorphism, allometry and wing polymorphism. This phenomenon may be the result 
of rapid radiation in the spore-feeding niche, because on such ephemeral aggregation 
sites the species evolved strategy and morphological traits to cope with food and 
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reproductive competition (Ananthakrishnan & Dhileepan, 1984; Grimaldi & Engel, 
2005; Mound & Palmer, 1983b). Idolothripinae appears to have evolved subsocial or 
communal behaviour (Crespi, 1990; Kiester & Strates, 1984), or strategies of 
intergenerational dispersal when food source is depleted. As demonstrated 
experimentally by Crespi (1988), diet availability had effect on the development of 
wing morphs in wing polymorphic species. As such, this group of insects is of great 
significance to study the evolution of the Thysanoptera. At the same time, however, 
these morphological attributes present real challenges in the practice of systematics. 
Other than the eight MP83 characters, Idolothripinae generic and suprageneric 
definition have relied heavily on prominent, highly derived silhouette characters that 
are useful in systematics only within circumscribed subsets of taxa. As a result, most 
important morphological characters in the Idolothripinae taxonomy are only arbitrary 
in nature, and many failed to be unambiguously compared or coded across the 
diversity at higher taxonomic levels in the data matrix construction exercise in 
Chapter 3, further discussed below.  
Sexual dimorphic characters often have great taxonomic utility, but could not 
efficiently diagnose individuals who lack these characteristics (such as females or 
minor males). The development of these highly specialised structures, such as the 
abdominal armature presumed to function in sexual combat, are not understood, 
hence their homologous status may be ambiguous. These coding therefore should be 
treated as hypotheses to be tested using phylogenies independent of morphology, 
such as a molecular phylogeny. Furthermore, as phylogenetic characters, sexual 
characters are often unique and not shared with other taxa (e.g. the enlarged sclerite 
surrounding mesothoracic spiracles are only found in the males of Dinothrips) and so 
are autapomorphies, distinctive derived traits unique for only one taxon, and thus 
parsimony uninformative as phylogenetic characters at the subfamily level.  
Arbitrary differences between the more obscure characters such as colour, 
stoutness or build of setae, relative length or relative ratio of a structure (e.g. X being 
how many times longer than Y) etc., are important taxonomic characters for species 
level diagnostics (e.g. species key to a genus or several closely related genera). As 
phylogenetic characters, these attributes are difficult to unambiguously define as 
homologous characters across the diverse 700 species or so in Idolothripinae due to 
continuous variation. It is also apparent that delineation of discrete character states 
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for such attributes with continuous variation would involve subjective decisions, 
resulting in arbitrary categories applicable only to taxa in the current study. Not 
surprisingly, we could see the practice of relative comparison of arbitrary phenotypic 
differences only works within arbitrary constrained, such as by geography, subsets of 
taxa. This is one of the reasons for the scattered nature of taxonomic work within 
Idolothripinae, and explains why diagnostic keys are often easily outdated or have 
low utility beyond the context of a particular publication.  
Winglessness is one of the distinctive features for some taxa known from 
traditional taxonomy to be associated with reductions of certain morphologies. In 
Chapter 3, I attempted to provide for a distinction between true wingless versus wing 
polymorphic species, mainly because I have noticed different patterns in their 
purported reduction in morphology. While in traditional taxonomic practice we 
expect wingless species to co-occur with reductions in certain characters including a 
reduced number of compound eye facets and smaller/ absent ocelli, I have found that 
in many species where a winged form (macropterae, hemimacropterae or even 
micropterae) has never been collected, the compound eyes are actually not 
particularly reduced (e.g. Compsothrips, Emprosthiothrips, Dermothrips, 
Pelinothrips, Malesiathrips australis, Nesothrips badius), or, if reduced, not variable 
in shape (e.g. Anaglyptothrips). This is in contrast to wing polymorphic species in 
which different morphs have slightly variable forms of eyes from well-developed 
compound eyes to varying degrees of reduced facets. I propose that this distinction 
between true wingless and wing polymorphic species has implication in the 
evolutionary history, and may help improve morphotaxonomy. As a phylogenetic 
character, winglessness in both categories poses coding challenges, because it 
requires assumptions about homology to be made when coding for such reduced 
characters, and may contribute to circular reasoning in the phylogenetic analysis. 
Alternatively, wing-related characters can be excluded from the analysis, further 
reducing the number of available morphological characters for the Idolothripinae. 
Reduction caused by winglessness rendered unrelated species looking alike, 
completely appeared highly derived, without other morphology to relate to any 
defined groups. For example, the series of genera I listed under true wingless above 
are classified in different subtribes based on the MP83 major morphological 
characters, but each possesses such an aberrant general silhouette from other 
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members of their respective subtribes, that their classification positions are often 
described as being only provisional. These appear to be cases that can only be 
resolved using molecular data instead of morphology. In contrast, wing polymorphic 
species do not have a general silhouette that is too divergent from their suprageneric 
members, and usually present just species level taxonomic challenges, due to slight 
variation in the development of compound eyes and ocelli, and also because wing 
morphs have some poorly understood correlation with the development of major and 
minor males, which adds to the degree of intraspecific morphological plasticity that 
needs to be dealt with in a species diagnostic key.  
Conclusively, the issues encountered in defining and coding for homologous 
morphologies their variable states across diversity in the Idolothripinae are 
multivariate and not easy to overcome, and present possibilities of circular reasoning 
(using ambiguously coded characters to infer a phylogeny to interpret existing 
problems in morphotaxonomy and discuss character evolution).  
 
5.4 FUTURE RECOMMENDATIONS 
Species synonyms, amorphous generic and suprageneric taxonomic unit, and 
inefficient diagnostic keys, are all existing problems in the taxonomy of 
Idolothripinae that had inspired the work in the current thesis. Here I propose some 
suggestions for future prospect for the Idolothripinae systematics based on hindsight 
from the research chapters in this thesis.  
Molecular Phylogenetics and taxa sampling. Molecular phylogenetics in 
Chapter 4 demonstrated great potential to infer the natural lineages in Idolothripinae 
and their relationships, in which the framework gave insights into the existing 
generic and suprageneric systematics problems or exposed heterogeneous taxonomic 
units. Current study is restricted by sampling-gaps in several subtribes, and also by 
the low nodal support found for some parts of the topology possibly attributed to 
missing or insufficiently informative genes. Additional taxa and molecular markers 
are required to infer a more robust phylogeny before a major revision of the MP83 
classification can be performed with confidence. The sampling gaps have been 
discussed on a case by case basis under each subtribe in Chapter 4, which can guide 
296  
future targeted sampling. Many under sampled taxa are from the Neotropical and the 
Palearctic region.  
A Search for Future More Informative Molecular Markers. There is a need 
to find new molecular marker genes suitable for the level of inference of subfamily 
to improve phylogenetic resolution. As discussed in Chapter 4 for gene alignments, 
the 18S and 28S rRNA were too conserved to resolve subtribal or suprageneric level 
relationships within the Idolothripinae, their highly variable expansion regions were 
difficult to align, and their sequencing were prone to homopolymer sequencing 
errors. Similarly problematic were the nuclear protein coding genes H3 and TubA 
frequently showed a lot of heterozygous sites and appeared to be mutationally 
saturated across the Idolothripinae, and the phylogenetic resolutions from these genes 
were also not strong. The mitochondrial gene COI was the most informative of the 
four genes included in the study, but failed to amplify for many taxa thus requiring 
primer design in the future.  
Phylogenomic studies for many insect groups has been on the rise due to the 
advancement in Next Generation Sequencing methods allowing generation of 
genomic datasets at reasonably effective costs (Cameron, 2014a, 2014b). For thrips, 
the mitochondrial genome and transcriptomes are potentially useful new data source. 
The mitochondrial genome in particular is likely a good reservoir to look for more 
useful mitochondrial genes for sequence-based phylogenomic inference that may 
improve deep-node topological resolution, as demonstrated by Nelson et al. (2012). 
The mitochondrial genome is typically circular with around 16kb, contains one major 
non-coding region and 37 genes (Boore, 1999). Furthermore, gene arrangements in 
insect mitogenome is typically highly conserved with respective of the insect 
ancestral mitogenome, but gene rearrangements have been found in derived groups 
below the ordinal level, hence synapomorphic rearrangements may be used as 
phylogenetic markers for related taxa (Cameron, 2014b). Until 2015, complete 
mitogenome was available for only five thrips species of which four were from 
members of the Thripinae in the suborder Terebrantia (Dickey et al., 2015; Shao & 
Barker, 2003; Shao, Campbell, Schmidt, & Barker, 2001; Yan et al., 2012, 2014), 
and a single unpublished phlaeothripid representative of the subfamily 
Phlaeothripinae (Haplothrips aculeatus, KP198620), with no Idolothripinae 
representatives. These sequenced thrips mitogenomes are all highly rearranged 
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relative to the ancestral insect mitogenome, but the Thripinae species were quite 
similar to each other except for the Scirtothrips which has a multipartite genome 
(Dickey et al., 2015). Thysanoptera is thus considered an important model to study 
rapid mitogenome evolution, but additional thrips mitogenomes are required for 
comparative study between the suborders to contextualise the mitogenome 
evolutionary scenario.  
Transcriptomes, the full set of messenger RNA (mRNA) molecules expressed 
by an organism or in one cell, is another potential data source. As much as 1478 
orthologous nuclear protein coding genes have been identified as occurring across all 
insect orders, including Thysanoptera, sampled in the latest deep level insect 
transcriptomic phylogenomic study (Misof et al., 2014). The transcriptomics 
approach has demonstrated affordability and success in phylogenomics even in the 
absence of a closely related genome for non-model organisms (Trautwein et al., 
2012). Only available transcriptome data are from Thrips palmi, Frankliniella 
cephalica and F. occidentalis, and Gynaikothrips ficorum (Misof et al., 2014; 
Stafford-Banks, Rotenberg, Johnson, Whitfield, & Ullman, 2014). A foreseeable 
challenge with thrips transcriptome studies is the small size of thrips, as the DNA 
content of individual thrips is typically low. Multiple samples could be pooled to 
achieve desired RNA quantity, as an example, Stafford-Banks et al. (2014) pooled 
dissected salivary glands of 300 individuals of Frankliniella occidentalis to achieved 
the desired RNA quantity in the salivary gland transcriptomic study. However, the 
identification of species is difficult without maceration and properly mounted on 
microscopic slides, making pool-extraction risky, especially when mycophagous 
thrips are more scattered in distribution than phytophagous terebrantians that could 
be obtained from identified plant hosts. Additionally, many closely related 
mycophagous species or even several genera co-occur on the same location (Palmer 
& Mound, 1978). These are technical challenges to consider before a transcriptomic 
phylogenomic analyses. 
Comparative morphology. Revising a small set of local fauna are pragmatic 
approaches in taxonomy. However, this approach may not be able to resolve 
systematics problems in some Idolothripinae taxa because it continues to scrutinise 
limited and arbitrary morphological characters within taxonomic subsets that may 
not be close relatives. In order to revise such a problematic taxon, it is imperative to 
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consider rigorous comparative morphological study at a higher taxonomic subset and 
to redefine existing amorphous genus boundary based on putative homology which 
can later be tested with phylogenetics. For example, creating a diagnostic key for the 
widespread genus Bactrothrips with a total of 53 species worldwide (Table 3.1) is 
more challenging and sometimes not feasible due to accessibility to type specimens, 
in contrast for studies covering only local diversity (Dang & Qiao, 2012a; Mound & 
Tree, 2011). However, it is evident that to resolve problems in the paraphyletic 
Bactrothrips as inferred in the current molecular phylogeny, there is a need to re-
evaluate the definition of the entire subtribe Idolothripina because of overlapping 
diagnostic characters between Bactrothrips and other less-speciose subtribe genera.  
Despite problems in coding morphological homology for phylogenetic 
analyses, we cannot dismiss morphology in the phylogenetics pursue for thrips. 
Instead, it is ever more imperative for fine morphological comparative study.  
Future molecular phylogenetics should be done concurrently with comparative 
morphological study, using the same set of taxa as in the molecular vouchers. The 
need for such an approach is because many Idolothripinae genera are poorly defined 
and likely comprised of heterogeneous assemblages of species. Using different taxa 
in morphological study and molecular phylogeny poses challenges to taxa selection 
and what lineages the exemplars represent, in particular for unidentifiable species 
due to outdated identification keys. There is also a need to clearly define generic and 
suprageneric boundaries in the Idolothripinae, despite known difficulties, to facilitate 
consistent taxonomic decision and to have clear hypotheses for phylogenetic testing. 
Furthermore, the inclusion of several taxa per genus can also provide rigor when 
interpreting topology containing problematic taxonomic units. 
Comparative morphological study across higher taxonomic levels to identify 
homology and their variation, although challenging, will greatly enhance the quality 
of morphotaxonomy and classification of Idolothripinae. Often in the process of 
studying morphology across broader range of taxa, new diagnostics can be found for 
previously ambiguous character, which could resolve existing systematics problem. 
As demonstrated in this study, ambiguous definition of the alignment of maxillary 
stylets as observed from dorsal view, has been responsible for various taxonomic 
complications in the Idolothripinae. Traditionally, the V shaped maxillary stylets 
carry the notion of being ‘short’ in contrast with the ‘long’ and parallel shaped 
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stylets. The process of character study on a broad range of taxa in the Idolothripinae 
led me to question existing taxonomic descriptions. For example, how does the 
observed variation of V shaped maxillary stylets fit into MP83’s definition of ‘short’ 
maxillary stylets? Or, what is the difference of V shaped stylets between 
Diceratothripina and Macrothripina? As a result of the comparative study, the use of 
maxillary levers as supplementary information to describe the observed alignment of 
maxillary stylets has been discovered, which improved our ability to distinguish 
nuances in various type of maxillary stylets shapes (c.f. Character 12 in Chapter 3 
and 4). The results of comparative study can be tested on a molecular phylogeny, 
which allow us to study character state distribution and infer their evolutionary 
polarity that eventually can be used to revise classification.  
Intraspecific Variation. Attentiveness in intraspecific variation is crucial for 
alpha-taxonomy in order to avoid synonymy or vague taxon boundary in 
Idolothripinae. This can be dealt with by studying good series of specimens 
representing different populations to better identify intraspecific variation. Careful 
detailing of field observations will also serve purpose as above, including 
microhabitat and different sampling sites. Collecting samples from several spots (e.g. 
a branch with dry leaves) within close proximity at a location into different collection 
tubes, will allow potential morphological plasticity in a population to be appreciated. 
Furthermore, the practice of using mitochondrial gene COI in thrips barcoding study 
has been done mainly done for a limited number of agricultural pest thrips (Brunner 
et al., 2002; Iftikhar, Ashfaq, Rasool, & Hebert, 2016; Karimi et al., 2010). one 
emerging practice in shallow level thrips species taxonomy is a tree-based approach 
which corroborates with morphotaxonomy resulting in a morphological identification 
key (Dang & Qiao, 2012b; Ng, Mound, & Azidah, 2014). However, a standalone, 
one-gene topology can only be used in supplement to already known or observable 
morphotaxonomic distinction and cannot replace morphological characters especially 
when defining new species (Rubinoff, Cameron, & Will, 2006).  
Technical challenges. Systematics study of Thysanoptera may not be 
sustainable without deliberate training of taxonomists not only in mastery of making 
good quality taxonomic specimens, but also phylogenetics and comparative 
morphology. One of the reasons for the dearth of scientific interest in thrips 
systematics may be the high entry requirement of essential equipment such as good 
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light microscopes and imaging software. Technical challenges in the lengthy 
permanent taxonomic slide making procedures before a specimen can even be 
observed under a light microscope also discourages casual interest in the group. 
Ironically, despite the reputation of thrips being small size such that they must be 
studied from microscopic slides, many idolothripines are large, dark and ‘thick’ 
specimens requiring extra time and care in maceration to achieve a balance between 
damaging the delicate wings and obtaining a well-macerated body for external and 
internal features to be visible. Furthermore, if the mounting medium Canada balsam 
were prepared too thin, once it dries up the coverslip will collapse and squash the 
specimen. The most common type of distortion in a mounted specimen is a squashed 
head, which destroys crucial diagnostic characters, render the specimen completely 
useless. Furthermore, many older taxonomic collections or amber fossils are dark and 
opaque, hence many features are not observable, exacerbated by limited information 
conveyed through text in the literature if no good figures are provided. Most of the 
technical problems described above can be overcome in the future with new 
sampling in molecular phylogenetics concurrently with morphological study using 
same set of taxa.  
 
5.5 CONCLUSION 
The current study has contributed the first molecular phylogenetic scaffold for the 
Idolothripinae which shows six major lineages. Some other subtribes are unresolved, 
while under-sampled taxa and problematic taxonomic units were identified. The 
current molecular phylogeny framework was used to examine the MP83 
classification system and the relationship between the major lineages, and also used 
to examine the evolutionary patterns of several important morphological attributes of 
this subfamily. As a result of intensive morphological studies (taxonomy, 
comparative morphology across Idolothripinae and character mapping analyses) in 
all three research chapters, novel interpretations of several morphological characters, 
as well as the evolutionary pattern of several major morphological characters were 
discovered. The results shed light on the underlying causes for the historically 
difficult generic and suprageneric taxonomy of the Idolothripinae. The utility of 
morphology in systematics and cladistics was examined and discussed. Suggestions 
on prioritized targeted sampling and the search for suitable molecular markers in 
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future molecular phylogenetics study are provided. The MP83 tribal classification 
has to remain until a more robust phylogeny can be obtained to confidently conduct a 
major revision of the suprageneric lineages in this specious subfamily. The outcome 
from this thesis demonstrated potential of concurrent study of molecular 
phylogenetics and comparative morphological study for advancement in deep level 
thrips systematics. The knowledge pertaining to morphological attributes and their 
utility in systematics discussed in this thesis for the Idolothripinae may be highly 
transferrable to the other mycophagous thrips in the subfamily Phlaeothripinae as 
they are known to also share similar difficult systematics problems.    
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Appendices 
Appendix A Microscopic slides preparation procedure used in this study. 
Thrips are minute insects, which the fine details can only be observed from a 
microscopic slide-mounted specimen under a transmitted light compound 
microscope. Many species of the Idolothripinae are large, thick dorsal-ventrally, and 
usually dark in colour. For these it is important in the maceration procedure is done 
properly to lighten the colour so that the exoskeleton becomes less opaque for 
observation. This ‘bleaching’ maceration procedure has to be controlled carefully 
through experience to a balance between clearing the insect body tissues and 
avoiding damage to the delicate wing. Proper Canada balsam consistency is vital—
viscosity runny enough for manipulating the insect during mounting, but sufficient in 
volume to support the pressure of coverslip when dried. The slide making procedure 
below is adapted from Mound and Kibby (1998) and Mound and Marullo (1996). 
More details of thrips slide making information is available from ThripsWiki 
(2013a).  
 
Tools 
• Stereomicroscope 
• Fine entomological pins fixed on a tooth pick, loop made from fine wire. 
• Very fine and sharp forceps. 
• Glass pipette. 
• Glass blocks with glass covers (need 10x minimum but the more I have the more I 
can process at one time).  
• Round coverslip size: 12/5mm 
• Microscopic slides. 
• Microscopic slide box. 
• Bottles with pipette for 60%, 70%, 80%, 80%, 90%, 95%/absolute ethanol, and 5% 
NaOH.  
 
Collection 
1. Gently pick up live thrips from the beating tray with a fine brush into an appendorf 
tube with 95% ethanol. 
2. Avoid shaking the tubes or inserting hard-loose label as the antennae are brittle in 
high concentration of ethanol.  
3. Store in -80°C freezer until further work.  
 
Maceration 
1. Pour specimen from eppendorf tube into a concave glass block. 
2. Wash specimen with distilled water to dislodge any attaching debris. 
3. Add 5% NaOH, half the amount of water. 
4. Gently spread specimen and allow wings to float on surface of water (this will 
minimize alkaline damage to the wing). 
5. Check in from time to time (eg. six hours), gently massage abdomen with bent-pin to 
facilitate removal of body contents. Resurface the wings if immersed. Replace NaOH 
and water if needed (e.g., very large thrips with great stomach content). Repeat until 
specimen fully cleared. (Idolothripinae could take about 4 days). 
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6. At the end of maceration, massage the specimen one last time in the NaOH solution, 
resurface the body with wings floating on surface. Carefully lift up specimen with a 
loop in the position with wings expanded, transfer into new glass block with water. 
Do not attempt to fix the wings at this stage as the wings are likely to stick on the pin. 
Let sit for at least two hours. 
7. Replace water with 60% ethanol and let overnight.  
 
Dehydration 
1. Perform dehydration by replacing 60% ethanol in the glass block with a series of 
ethanol following below time:  
a. 60% (20 min) 
b. 70% (20 min) 
c. 80% (20 min) 
d. 90%  (20 min) 
e. 95% or absolute ethanol (10 min, repeat once) 
2. At the end of dehydration, add clove oil and leave overnight. 
 
Mounting  
1. Remove sample from block with a bent pin, place ventral front up on a drop of 
Canada balsam on a circular coverslip.  
2. Adjust position of wings, antennae and appendages with care.  
3. Add some Canada balsam on the middle of a clean microscopic slide defining the 
boundary. This is then placed down facing the coverslip with the adjusted specimen. 
As soon as the two surface of Canada balsam touches, turn over the glass slide, and 
quickly adjust under stereomicroscope by slightly pressing down the coverslip with 
the tip of a tooth pick. The aim is to keep the specimen neatly sandwiched between 
the slide and coverslip but not crushed. 
4. Immediately put on a heating bench. 
5. Label slide with specimen info with a sticker. 
6. Slides are placed on heating bench for at least two days, or until Canada balsam has 
fixed (not moving under coverslip). 
 
Drying  
1. Transfer slides to oven at 50°C for at least four weeks. 
2. Make sure Canada balsam has hardened completely, before storing in slide box. 
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Appendix B (C1) Head projection (extension/prolongation) in front of eyes by 
length/width ratio (L/W). 
Columns: head extension length, head extension width, head extension length/width 
ratio. Taxa are sorted by ratio. Taxa with no measurement do not have head 
projection in front of eyes. 
Exemplars H ext. L 
(µm) 
H ext. W 
(µm) 
L/W 
ratio 
Bactrothrips kranzae M TU ANIC B 6 10 157 0.1 
Megalothrips spinosus NHM_M_005 10 149 0.1 
Dermothrips hawaiiensis NHM_D 8 112 0.1 
Carientothrips ?mjobergi ANIC_C_010 10 117 0.1 
Pelinothrips ornatus ANIC_P_002 M 17 166 0.1 
Herathrips nativus ANIC_H_001 F 20 191 0.1 
Megathrips lativentris NHM_M_007 M, NHM_M_008 15 125 0.1 
Hartwigia tumiceps NHM_H_001 F 30 249 0.1 
Ecacleistothrips glorious ANIC_E_001 F 28 233 0.1 
Lamillothrips typicus NHM_L_001 M 28 207 0.1 
Bacillothrips? longiceps NHM_B_003 19 141 0.1 
Dinothrips sumatrensis UKM_D_011 M 27 192 0.1 
Campulothrips gracilis NHM_C_001 24 161 0.2 
Pseudocryptothrips NHM_P_010 F 15 96 0.2 
Compsothrips albosignatus NHM_C_004 M 23 143 0.2 
Bolothrips bicolor NHM_B_004 F 26 165 0.2 
Bactrothrips nativus M TU ANIC B 09 26 154 0.2 
Malesiathrips australis ANIC_M_001 M/MF paratype 21 114 0.2 
Sporothrips ID43 F apt. 30 152 0.2 
Bactrothrips idolomorphus UKM_B_002 M 34 166 0.2 
Zactinothrips elegans NHM_Z_001 M 33 151 0.2 
Sporothrips amplus NHM_S_002 F 34 152 0.2 
Idolothrips spectrum M TU QUT_ido_001 M 45 192 0.2 
Anactinothrips_ID17 47 174 0.3 
Zeugmatothrips gracilis NHM_Z_006 M mac. 21 76 0.3 
Actinothrips retanae NHM_A_009 F paratype 54 175 0.3 
Elaphrothrips bakeri UKM_EB_001 M 148 441 0.3 
Paractinothrips peratus NHM_P_002 M paratype 42 121 0.3 
Ophthalmothrips miscanthicola NHM_O_004 M 50 125 0.4 
Meiothrips annulipes UKM_M_006 M 78 178 0.4 
Neatractothrips macrurus NHM_N_001 M  81 120 0.7 
Emprosthiothrips brimblecombei ANIC_E_002 F 112 165 0.7 
Holurothrips NHM_H_002 M 144 108 1.3 
Mecynothrips acanthus ANIC_M_003 M 247 126 2 
Atractothrips bradleyi NHM_A_011 M 126 57 2.2 
Tiarothrips subramanii NHM_T_003 M 467 135 3.5 
Hystricothrips phasgonura NHM_H_005 M 138 29 4.8 
Acallurothrips sp. ANIC_A_001 F - - - 
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Priesneriella sp.n. F mac. ANIC-P-8 as ref for wing - - - 
Acallurothrips_Fiji_F.mac_ID119 - - - 
Nesothrips carveri ANIC_NC_001 MF mac. - - - 
Gastrothrips acutulus UKM_G_001 M - - - 
Minaeithrips aliceae ANIC_M_006 F - - - 
Loyolaia indica NHM_L_006 M - - - 
Heptathrips ANIC_H_003 M/MF - - - 
Priesneriella citricauda ANIC-P-6 F of MF  (spn for wings) - - - 
Phacothrips ocelloides NHM_P_005 F - - - 
Pseudoeurhynchothrips NHM_P_008 F - - - 
Neosmerinthothrips collaris NHM_N_004 F - - - 
Faureothrips reticulatus NHM_F_001 F - - - 
Peltariothrips NHM_P_004 F  - - - 
Nesidiothrips alius mic. (Nesothrips alius) NHM_N_005 M - - - 
Priesneriana kabandha NHM_P_007 M apt. - - - 
Allothrips stannardi ANIC_A_007 M - - - 
Haplothrips ID53.3 M TU - - - 
Pygothrips sp. ANIC_P_011 F - - - 
Holothrips oceanicus TU M - - - 
Anaglyptothrips dugdalei ANIC_A_008 F - - - 
Ozothrips priscus  NHM_O_008 M paratype - - - 
Pelinothrips ornatus F ref - - - 
Cryptothrips nigripes NHM_C_007 F - - - 
Polytrichothrips geoffri ANIC_P_015 F - - - 
Polytrichothrips ?sp ref ?sex mac. - - - 
Diceratothrips ?bicornis NHM_D_007 M - - - 
Tarassothrips akritus NHM_T_001 M Paratype - - - 
Diaphorothrips clavipes UKM_D2&3 F - - - 
Ethirothrips stenomelas ANIC_E_003 M - - - 
Machatothrips  ?biuncinnatus M TU - - - 
Cleistothrips idolothripoides NHM_C_003 F - - - 
Dichaetothrips sp. QDPC 0-165321 M - - - 
Phaulothrips vuilleti ANIC_P_005 MF  - - - 
Celidothrips lawrencei (Ommatidothrips lawrencei) NHM_O_002 F - - - 
Aesthesiothrips jatrophae NHM_A_003 F - - - 
Macrothrips papuensis NHM_M_001 M - - - 
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Appendix C (C2) Head L/W Ratio  
Columns: Head L/W ratio used to define head shape, boundary definition arbitrary 
Exemplars H ext. L H ext. W L/W 
ratio 
Acallurothrips sp. ANIC_A_001 F 152 206 0.7 
Priesneriella sp.n. F mac. ANIC-P-8 as ref for wing 118 153 0.8 
Acallurothrips_Fiji_F.mac_ID119 158 195 0.8 
Nesothrips carveri ANIC_NC_001 MF mac. 187 231 0.8 
Gastrothrips acutulus UKM_G_001 M 139 159 0.9 
Minaeithrips aliceae ANIC_M_006 F 155 171 0.9 
Loyolaia indica NHM_L_006 M 195 205 0.9 
Carientothrips ?mjobergi ANIC_C_010 235 241 1 
Heptathrips ANIC_H_003 M/MF 235 239 1 
Priesneriella citricauda ANIC-P-6 F of MF  (spn for wings) 129 124 1 
Phacothrips ocelloides NHM_P_005 F 219 204 1.1 
Pseudoeurhynchothrips NHM_P_008 F 320 296 1.1 
Bolothrips bicolor NHM_B_004 F 279 257 1.1 
Neosmerinthothrips collaris NHM_N_004 F 254 233 1.1 
Faureothrips reticulatus NHM_F_001 F 1163 1066 1.1 
Peltariothrips NHM_P_004 F  903 821 1.1 
Dermothrips hawaiiensis NHM_D 225 203 1.1 
Nesidiothrips alius mic. (Nesothrips alius) NHM_N_005 M 211 188 1.1 
Hartwigia tumiceps NHM_H_001 F 426 380 1.1 
Priesneriana kabandha NHM_P_007 M apt. 215 189 1.1 
Pseudocryptothrips NHM_P_010 F 221 194 1.1 
Emprosthiothrips brimblecombei ANIC_E_002 F 298 250 1.2 
Allothrips stannardi ANIC_A_007 M 168 141 1.2 
Haplothrips ID53.3 M TU 172 142 1.2 
Pygothrips sp. ANIC_P_011 F  276 225 1.2 
Hystricothrips phasgonura NHM_H_005 M 323 255 1.3 
Holothrips oceanicus TU M 314 247 1.3 
Anaglyptothrips dugdalei ANIC_A_008 F 246 192 1.3 
Ozothrips priscus  NHM_O_008 M paratype 306 236 1.3 
Zeugmatothrips gracilis NHM_Z_006 M mac. 195 142 1.4 
Pelinothrips ornatus F ref 513 373 1.4 
Holurothrips NHM_H_002 M 281 202 1.4 
Cryptothrips nigripes NHM_C_007 F 372 262 1.4 
Polytrichothrips geoffri ANIC_P_015 F 394 275 1.4 
Polytrichothrips ?sp ref ?sex mac. 437 305 1.4 
Pelinothrips ornatus ANIC_P_002 M 483 336 1.4 
Malesiathrips australis ANIC_M_001 M/MF paratype 255 178 1.4 
Diceratothrips ?bicornis NHM_D_007 M 403 277 1.5 
Ecacleistothrips glorious ANIC_E_001 F 594 409 1.5 
Tarassothrips akritus NHM_T_001 M Paratype 1794 1227 1.5 
Atractothrips bradleyi NHM_A_011 M 338 231 1.5 
Diaphorothrips clavipes UKM_D2&3 F 1042 686 1.5 
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Paractinothrips peratus NHM_P_002 M paratype 317 208 1.5 
Lamillothrips typicus NHM_L_001 M 573 367 1.6 
Megathrips lativentris NHM_M_007 M, NHM_M_008 397 254 1.6 
Ethirothrips stenomelas ANIC_E_003 M 963 609 1.6 
Machatothrips  ?biuncinnatus M TU 1346 829 1.6 
Dinothrips sumatrensis UKM_D_011 M 575 350 1.6 
Sporothrips ID43 F apt. 493 295 1.7 
Sporothrips amplus NHM_S_002 F 536 318 1.7 
Herathrips nativus ANIC_H_001 F 1360 794 1.7 
Cleistothrips idolothripoides NHM_C_003 F 609 354 1.7 
Zactinothrips elegans NHM_Z_001 M 541 305 1.8 
Megalothrips spinosus NHM_M_005 500 277 1.8 
Tiarothrips subramanii NHM_T_003 M 556 288 1.9 
Dichaetothrips sp. QDPC 0-165321 M 1725 880 2 
Phaulothrips vuilleti ANIC_P_005 MF 525 264 2 
Campulothrips gracilis NHM_C_001 532 264 2 
Compsothrips albosignatus NHM_C_004 M 650 317 2.1 
Celidothrips lawrencei (Ommatidothrips lawrencei) NHM_O_002 F 467 223 2.1 
Aesthesiothrips jatrophae NHM_A_003 F 596 285 2.1 
Bactrothrips kranzae M TU ANIC B 6 609 287 2.1 
Actinothrips retanae NHM_A_009 F paratype 635 296 2.1 
Bactrothrips nativus M TU ANIC B 09 551 255 2.2 
Macrothrips papuensis NHM_M_001 M 1293 588 2.2 
Bactrothrips idolomorphus UKM_B_002 M 626 279 2.2 
Anactinothrips_ID17 767 341 2.3 
Neatractothrips macrurus NHM_N_001 M  463 203 2.3 
Idolothrips spectrum M TU QUT_ido_001 M 753 323 2.3 
Meiothrips annulipes UKM_M_006 M 692 292 2.4 
Elaphrothrips bakeri UKM_EB_001 M 1608 676 2.4 
Bacillothrips? longiceps NHM_B_003 643 238 2.7 
Mecynothrips acanthus ANIC_M_003 M 910 266 3.4 
Ophthalmothrips miscanthicola NHM_O_004 M 460 ? - 
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Appendix D Measurements Used to Explore Eye Development 
Columns: diameters of hindocelli, ommatidia (facets) to explore eye characters, ratio of 
ocelli/facet (Measurements in µm, taking means from multiple measurements) 
Exemplars Hind ocelli 
diameter 
(µm) 
ommatidia 
diameter 
(µm) 
ocelli/ 
ommatidia 
ratio 
Dermothrips hawaiiensis NHM_D_003 M/MF  5 9 0.5 
Malesiathrips australis ANIC_M_001 M/MF paratype 8 12 0.6 
Atractothrips bradleyi NHM_A_011 M 8 11 0.7 
Polytrichothrips geoffri ANIC_P_015 F 10 13 0.8 
Bolothrips bicolor NHM_B_004 F 9 9 1.0 
Ophthalmothrips miscanthicola NHM_O_004 M 10 8 1.2 
Holurothrips NHM_H_002 M 17 14 1.2 
Sporothrips ID43 F apt. 16 12 1.3 
Megathrips lativentris NHM_M_007 M, NHM_M_008 F 13 10 1.4 
Bacillothrips? longiceps NHM_B_003 M 13 10 1.4 
Peltariothrips NHM_P_004 F   24 16 1.5 
Priesneriella sp.n. F mac. ANIC-P-8 as ref for wing 12 8 1.6 
Zeugmatothrips gracilis NHM_Z_006 M marc.  18 11 1.6 
Pygothrips sp. ANIC_P_011 F 19 11 1.7 
Acallurothrips sp. ANIC_A_001 F 15 9 1.7 
Gastrothrips acutulus UKM_G_001 M 13 7 1.7 
Nesothrips carveri ANIC_NC_001 MF mac. 18 10 1.7 
Hystricothrips phasgonura NHM_H_005 M 21 12 1.8 
Celidothrips lawrencei (Ommatidothrips lawrencei) NHM_O_002 F 23 13 1.8 
Neosmerinthothrips collaris NHM_N_004 F  17 9 1.8 
Sporothrips amplus NHM_S_002 F  24 13 1.9 
Haplothrips ID53.3 M TU  14 7 1.9 
Phacothrips ocelloides NHM_P_005 F  22 11 1.9 
Carientothrips ?mjobergi ANIC_C_010 F  20 10 2.0 
Herathrips nativus ANIC_H_001 F  28 13 2.1 
Tiarothrips subramanii NHM_T_003 M  23 11 2.1 
Paractinothrips peratus NHM_P_002 M paratype  21 10 2.1 
Acallurothrips_Fiji_F.mac_ID119 16 8 2.1 
Phaulothrips vuilleti ANIC_P_005 MF  21 10 2.2 
Hartwigia tumiceps NHM_H_001 F Paratype  19 8 2.2 
Anactinothrips_ID17 35 16 2.2 
Pseudoeurhynchothrips NHM_P_008 F  23 10 2.3 
Neatractothrips macrurus NHM_N_001 M  27 11 2.4 
Ecacleistothrips glorious ANIC_E_001 F Paratype  30 13 2.4 
Diaphorothrips clavipes UKM_D2&3 F 26 10 2.5 
Bactrothrips nativus M TU ANIC B 09 28 11 2.5 
Cryptothrips nigripes NHM_C_007 F  22 9 2.5 
Megalothrips spinosus NHM_M_005 M  27 11 2.5 
Ozothrips priscus  NHM_O_008 M paratype  24 9 2.6 
Ethirothrips stenomelas ANIC_E_003 M  24 9 2.7 
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Aesthesiothrips jatrophae NHM_A_003 F  27 10 2.7 
Bactrothrips kranzae M TU ANIC B 6 26 10 2.7 
Holothrips oceanicus TU M  24 9 2.7 
Campulothrips gracilis NHM_C_001  31 11 2.9 
Diceratothrips ?bicornis NHM_D_007 M  27 9 2.9 
Cleistothrips idolothripoides NHM_C_003 F  31 10 2.9 
Meiothrips annulipes UKM_M_006 M  38 13 2.9 
Idolothrips spectrum M TU QUT_ido_001 M  36 12 3.0 
Machatothrips  ?biuncinnatus M TU 32 11 3.0 
Tarassothrips akritus NHM_T_001 M Paratype  25 8 3.2 
Bactrothrips idolomorphus UKM_B_002 M  36 11 3.3 
Actinothrips retanae NHM_A_009 F paratype  37 11 3.4 
Macrothrips papuensis NHM_M_001 M  38 11 3.4 
Zactinothrips elegans NHM_Z_001 M  39 11 3.5 
Dinothrips sumatrensis UKM_D_011 M  31 9 3.6 
Mecynothrips acanthus ANIC_M_003 M  35 10 3.7 
Elaphrothrips bakeri UKM_EB_001 M  35 9 3.7 
Lamillothrips typicus NHM_L_001 M  35 9 4.1 
Priesneriella citricauda ANIC-P-6 F of MF  (spn for wings)  ? 8 ? 
Allothrips stannardi ANIC_A_007 M  ? 17 ? 
Minaeithrips aliceae ANIC_M_006 F  ? 8 ? 
Pseudocryptothrips NHM_P_010 F  ? 16 ? 
Priesneriana kabandha NHM_P_007 M apt.  ? 9 ? 
Nesidiothrips alius mic. (Nesothrips alius) NHM_N_005 M  ? ? ? 
Heptathrips ANIC_H_003 M/MF  ? 8 ? 
Anaglyptothrips dugdalei ANIC_A_008 F  ? 20 ? 
Faureothrips reticulatus NHM_F_001 F  ? 16 ? 
Loyolaia indica NHM_L_006 M  ? 16 ? 
Emprosthiothrips brimblecombei ANIC_E_002 F  ? 19 ? 
Pelinothrips ornatus ANIC_P_002 M  ? 9 ? 
Compsothrips albosignatus NHM_C_004 M ? 9 ? 
Pelinothrips ornatus F ref ? ? ? 
Polytrichothrips ?sp ref mac. ? ? ? 
Dichaetothrips sp. QDPC 0-165321 M 41 ? ? 
Ecacanthothrips no slide ? ? ? 
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Appendix E Measurements Used to Explore Descriptors of the Feeding 
Apparatus 
Columns: total body length from front of eyes to distal of abdominal segment IX (excluding 
head projection and tube); hindtibia width, stylet length, stylet width, levers length, distance 
between levers. 
Exemplars Total 
body L 
(µm) 
Hindtibi
a W 
lc. L 
(µm) 
lc. W 
(µm) 
lvrs. L 
(µm) 
Distance 
between  
lvrs. 
(µm) 
Acallurothrips sp. ANIC_A1 2160 41 238 7 84 139 
Actinothrips retanae NHM_A9 7528 83 331 7 83 184 
Anactinothrips_ID17 6713 91 861 13 247 156 
Aesthesiothrips jatrophae NHM_A3 4902 67 725 ? 190 176 
Allothrips stannardi ANIC_A7 1203 33 205 6 86 38 
Anaglyptothrips dugdalei ANIC_A8 2286 40 224 6 46 135 
Atractothrips bradleyi NHM_A11 3522 48 270 6 95 ? 
Bacillothrips? longiceps NHM_B3 4255 51 502 7 191 56 
Bactrothrips idolomorphus UKM_B2 7346 76 360 8 83 180 
Bactrothrips kranzae ANIC_B6 4521 81 637 14 252 85 
Bactrothrips nativus M TU ANIC B9 5068 69 446 10 158 103 
Bolothrips bicolor NHM_B4 3084 47 195 8 25 157 
Campulothrips gracilis NHM_C1 6236 79 309 7 60 183 
Carientothrips ?mjobergi ANIC_C1 2608 42 238 7 78 127 
Celidothrips lawrencei NHM_O2 3776 55 448 10 174 48 
Cleistothrips idolothripoides NHM_C3 5978 76 1018 8 275 159 
Compsothrips albosignatus NHM_C4 3320 62 492 7 152 229 
Cryptothrips nigripes NHM_C7 3863 53 486 8 188 80 
Dermothrips hawaiiensis NHM_D3 2132 47 210 6 43 126 
Diaphorothrips clavipes UKM_D2&3 
F 
4302 160 556 11 161 146 
Diceratothrips ?bicornis NHM_D7 3887 67 484 14 120 185 
Dichaetothrips sp. ANIC F 6942 94 ? 11 229 78 
Dinothrips sumatrensis UKM_D11 6662 38 636 11 154 244 
Ecacleistothrips glorious ANIC_E1 7169 94 616 11 219 160 
Elaphrothrips bakeri UKM_EB1 7243 72 321 8 55 197 
Emprosthiothrips brimblecombei 
ANIC_E2 
3279 53 220 6 48 160 
Ethirothrips stenomelas ANIC_E3 3669 130 392 13 117 154 
Faureothrips reticulatus NHM_F1 1835 42 235 7 56 164 
Gastrothrips acutulus UKM_G1 1489 28 151 4 31 125 
Hartwigia tumiceps NHM_H1 3948 54 376 7 67 248 
Heptathrips_cumberi_ANIC_H3 1810 38 405 6 137 77 
Herathrips nativus ANIC_H1 5475 92 265 7 49 231 
Holurothrips NHM_H2 4209 47 251 6 73 166 
Hystricothrips phasgonura NHM_H5 3418 52 289 4 99 177 
Idolothrips spectrum M TU QUT_ido1 9419 77 456 8 89 ? 
Lamillothrips typicus NHM_L1 5643 87 598 15 165 266 
Loyolaia indica NHM_L6 2355 45 201 6 55 168 
Machatothrips ?biuncinnatus M TU 5348 238 523 17 143 210 
Macrothrips papuensis NHM_M1 14925 128 775 21 285 338 
Malesiathrips australis ANIC_M1 1910 ? 210 4 63 109 
Mecynothrips acanthus ANIC_M3 8540 80 351 10 62 ? 
Megalothrips spinosus NHM_M5 3993 67 585 7 207 134 
Megathrips lativentris NHM_M7 3409 52 396 6 112 165 
Meiothrips annulipes UKM_M6 10022 78 451 7 108 221 
Minaeithrips aliceae ANIC_M6 1727 35 168 4 51 131 
Neatractothrips macrurus NHM_N1 6442 55 303 6 95 155 
Neosmerinthothrips collaris NHM_N4 2528 48 6 ? 85 173 
Nesidiothrips alius mic. (Nesothrips 
alius) NHM_N5 
2015 38 ? ? ? 120 
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Nesothrips carveri ANIC_NC1 2195 42 160 6 24 147 
Ophthalmothrips miscanthicola 
NHM_O4 
3976 57 257 7 64 ? 
Ozothrips priscus  NHM_O8 3115 61 311 7 94 157 
Paractinothrips peratus NHM_P2 4275 52 218 4 58 113 
Pelinothrips ornatus ANIC_P2 4056 60 595 6 188 290 
Pelinothrips ornatus F 4502 63 662 7 218 291 
Peltariothrips NHM_P4 3358 58 295 8 135 58 
Phacothrips ocelloides NHM_P5 2608 48 241 7 59 145 
Phaulothrips vuilleti ANIC_P5 3744 53 632 7 233 113 
Polytrichothrips ?sp ? 69 353 7 127 ? 
Polytrichothrips geoffri ANIC_P15 3087 53 539 ? 248 68 
Priesneriana kabandha NHM_P7 1773 35 290 7 104 109 
Priesneriana_uptoni_ID76 ? ? ? ? ? ? 
Priesneriella citricauda ANIC-P6 1333 30 163 4 48 72 
Priesneriella sp.n. F mac. ANIC-P8 1406 33 174 4 65 115 
Pseudocryptothrips NHM_P10 2063 35 270 7 101 114 
Pseudoeurhynchothrips NHM_P8 3155 56 423 10 142 181 
Pygothrips sp. ANIC_P11 2642 49 435 7 162 99 
Sporothrips amplus NHM_S2 4563 76 428 11 143 146 
Tarassothrips akritus NHM_T1 2850 49 375 ? 135 141 
Tiarothrips subramanii NHM_T3 6587 64 400 10 113 ? 
Zactinothrips elegans NHM_Z1 7852 76 310 6 78 ? 
Zeugmatothrips gracilis NHM_Z6 2053 35 171 3 63 101 
Holothrips oceanicus 2913 41 423 4 150 173 
Haplothrips ID53.3 1484 32 110 3 32 109 
Acallurothrips_ID119 1831 34 211 4 58 111 
Sporothrips ID43 F 4121 76 389 10 136 151 
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Appendix F Morphological Data Matrix (71 taxa, 41 characters). 
Part 1/2 (C1-C20) 
No. Taxa C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
1 Haplothrips sp. ID53 0 1 1 1 1 0 3 0 0 0 0 0 0 0 0 1 0 0 2 1 
2 Holothrips oceanicus 0 1 1 1 1 0 4 0 0 0 0 3 0 0 2 1 1 3 2 0 
3 Acallurothrips sp. 0 0 0 1 2 0 3 0 0 0 0 1 1 2 1 0 1 2 2 1 
4 Actinothrips retanae 1 3 1 1 0 1 4 0 0 1 1 0 1 0 0 0 0 2 2 0 
5 Anactinothrips sp. ID17 1 3 1 1 0 1 4 0 1 0 0 2 1 2 2 0 0 2 2 1 
6 Aesthesiothrips jatrophae 0 3 0 1 2 1 4 0 1 0 0 3 1 0 ? 0 0 2 2 1 
7 Allothrips stannardi 0 1 ? 1 2 0 0 0 0 0 0 2 1 0 1 0 1 2 0 1 
8 Anaglyptothrips dugdalei 0 1 ? 1 2 1 1 0 0 0 0 0 1 0 0 0 0 2 1 1 
9 Atractothrips bradleyi 1 2 1 1 0 1 1 0 0 1 0 0 1 0 0 0 0 2 0 0 
10 Bacillothrips longiceps 1 3 0 1 2 0 4 0 0 1 0 2 1 0 0 0 0 2 2 1 
11 Bactrothrips idolomorphus 1 3 0 1 0 1 4 0 0 1 0 0 1 0 2 0 0 2 2 1 
12 Bactrothrips kranzae 1 3 1 1 0 1 4 0 0 1 0 2 1 0 0 0 0 2 2 1 
13 Bactrothrips nativus 1 3 0 1 0 1 4 0 1 1 0 2 1 1 2 0 0 2 2 1 
14 Bolothrips bicolor 1 0 0 1 2 0 3 1 1 0 0 0 1 3 0 0 0 2 0 1 
15 Campulothrips gracilis 1 3 1 2 0 1 4 0 1 1 0 0 1 0 0 0 0 2 2 1 
16 Carientothrips mjobergi 1 0 2 1 2 0 4 2 0 1 0 2 1 1 1 0 0 2 2 1 
17 Celidothrips lawrencei 0 3 1 1 1 1 4 0 0 0 1 2 1 0 0 1 0 2 2 1 
18 Cleistothrips idolothripoides 0 3 1 1 2 1 4 0 1 ? 0 3 1 0 0 1 1 2 0 0 
19 Compsothrips albosignatus 1 3 2 1 0 0 3 1 1 0 0 1 1 1 0 0 0 1 0 1 
20 Cryptothrips nigripes 0 2 2 1 2 1 3 0 1 0 0 3 1 0 0 1 0 2 1 1 
21 Dermothrips hawaiiensis 1 0 ? 1 1 1 3 0 1 ? 0 0 0 0 0 0 0 2 0 1 
22 Diaphorothrips clavipes 0 2 1 1 2 1 4 0 0 0 1 1 1 2 2 0 0 2 3 1 
23 Diceratothrips ?bicornis 0 2 1 1 2 1 4 0 1 0 0 1 1 2 2 0 0 2 2 1 
24 Dichaetothrips sp. 0 3 1 1 2 1 4 0 1 0 1 2 1 0 0 0 0 2 2 1 
25 Dinothrips sumatrensis 1 2 1 1 0 1 4 0 1 0 0 1 1 0 0 0 0 2 2 1 
26 Ecacleistothrips glorious 1 2 1 1 2 1 4 0 1 0 0 3 1 0 0 1 0 2 0 1 
27 Elaphrothrips bakeri 1 3 2 1 1 1 4 0 1 2 0 0 1 0 0 0 0 2 2 1 
28 Emprosthiothrips brimblecombei 1 1 ? ? ? 1 2 1 0 ? 0 ? 1 0 0 0 0 1 0 1 
29 Ethirothrips stenomelas 0 2 1 1 2 1 4 0 1 0 1 1 1 2 0 0 0 2 3 1 
30 Faureothrips reticulatus 0 0 0 1 2 0 1 0 0 0 0 0 1 3 0 0 0 2 2 1 
31 Gastrothrips acutulus 0 0 1 1 2 0 3 0 1 0 0 0 0 0 2 0 0 2 1 1 
32 Hartwigia tumiceps 1 0 ? 1 2 0 4 0 0 0 0 0 1 0 0 0 0 2 1 1 
33 Heptathrips cumberi 0 0 1 1 2 1 3 0 1 0 0 3 1 0 0 1 1 2 0 0 
Appendices 329 
34 Herathrips nativus 1 3 2 1 2 1 4 0 1 0 1 0 1 0 0 0 0 2 2 1 
35 Holurothrips ornatus 1 2 1 1 0 1 4 1 0 1 0 0 1 0 0 0 0 2 0 1 
36 Hystricothrips phasgonura 1 1 0 1 0 1 4 0 0 1 0 0 0 0 0 0 0 2 0 0 
37 Idolothrips spectrum 1 3 0 1 0 1 4 0 1 1 0 0 1 0 2 0 0 2 2 1 
38 Lamillothrips typicus 1 2 0 1 2 1 4 0 1 0 1 1 1 0 2 0 0 2 2 1 
39 Loyolaia indica 0 0 1 1 2 0 1 0 0 0 0 0 1 0 0 0 0 1 1 1 
40 Machatothrips ?biuncinnatus 0 2 2 1 2 1 4 0 0 0 0 1 1 2 2 0 0 2 2 1 
41 Macrothrips papuensis 0 3 0 1 2 1 4 0 1 0 0 1 1 ? ? 0 0 2 3 1 
42 Malesiathrips australis 1 2 0 1 2 1 2 0 0 1 0 0 0 0 0 0 0 2 2 1 
43 Mecynothrips acanthus 1 3 1 1 0 1 4 0 1 2 0 0 1 3 0 0 0 2 2 1 
44 Megalothrips spinosus 1 3 0 1 0 1 4 0 0 0 0 3 1 0 2 0 0 2 2 1 
45 Megathrips lativentris 1 2 0 1 1 1 4 0 0 1 0 1 1 0 2 0 0 2 2 1 
46 Meiothrips annulipes 1 3 0 1 0 1 4 0 0 1 0 0 1 1 2 0 0 2 2 1 
47 Minaeithrips aliceae 0 0 0 1 2 0 3 0 1 0 0 0 1 3 2 0 1 0 0 0 
48 Neatractothrips macrurus 1 3 1 1 0 1 4 0 0 1 1 0 1 2 0 0 0 2 2 1 
49 Neosmerinthothrips collaris 0 0 2 1 2 1 4 0 1 0 0 1 1 0 0 0 0 2 2 1 
50 Nesidiothrips alius 0 0 1 0 2 1 4 0 1 0 0 1 1 0 0 0 0 2 2 1 
51 Nesothrips carveri 0 0 1 1 2 0 4 0 1 0 0 0 1 0 2 0 0 2 2 1 
52 Nesothrips badius 1 2 1 1 1 1 4 0 0 0 0 1 1 0 0 0 0 ? 2 1 
53 Ophthalmothrips miscanthicola 1 3 0 1 1 1 4 1 1 2 0 0 1 3 0 0 0 2 2 1 
54 Ozothrips priscus 0 1 2 1 2 1 3 0 1 0 0 1 1 0 0 1 1 2 0 0 
55 Paractinothrips peratus 1 2 1 1 0 1 4 0 0 1 1 0 0 2 0 0 0 2 2 1 
56 Pelinothrips ornatus 1 2 ? ? ? 1 4 0 1 ? 0 2 0 1 2 0 0 2 0 1 
57 Peltariothrips sp. 0 0 0 1 2 1 4 0 0 0 1 2 1 0 0 0 1 2 2 1 
58 Phacothrips ocelloides 0 0 1 1 2 1 4 0 0 0 1 1 1 2 0 0 0 2 2 1 
59 Phaulothrips vuilleti 0 3 2 1 2 1 4 0 1 0 0 3 1 2 2 1 0 2 0 1 
60 Polytrichothrips geoffri 0 2 0 1 2 1 4 0 0 0 1 3 1 2 0 0 0 2 2 1 
61 Priesneriana kabandha 0 0 1 1 2 0 1 0 0 0 0 2 1 0 2 0 0 2 2 1 
62 Priesneriana uptoni 0 0 1 1 2 1 3 0 1 0 0 2 0 0 2 0 1 2 2 1 
63 Priesneriella citricauda 0 0 0 1 2 0 0 0 0 0 0 1 0 3 2 0 1 0 0 1 
64 Pseudocryptothrips sp. 1 0 ? 1 2 1 0 0 0 0 0 1 1 0 1 0 0 2 2 1 
65 Pseudoeurhynchothrips sp. 0 0 ? 1 2 1 4 0 1 0 0 1 1 0 0 0 0 2 2 1 
66 Pygothrips sp. 0 1 1 1 2 1 3 0 1 0 0 3 1 0 0 1 1 2 2 0 
67 Sporothrips amplus 1 3 0 1 2 1 4 0 1 0 0 2 1 0 2 0 0 2 2 1 
68 Tarassothrips akritus 0 2 0 1 2 1 4 0 0 0 1 3 1 0 0 0 0 2 2 1 
69 Tiarothrips subramanii 1 3 0 1 0 1 4 0 1 1 0 0 1 3 0 0 0 2 2 1 
70 Zactinothrips elegans 1 3 1 1 0 1 4 0 1 1 1 0 1 0 0 0 0 2 2 0 
330 Appendices 
71 Zeugmatothrips gracilis 1 2 0 1 0 1 4 0 0 1 0 1 0 0 0 0 0 2 0 0 
 
Part 2/2 (C21-C41) 
No. Taxa C21 C22 C23 C24 C25 C26 C27 C28 C29 C30 C31 C32 C33 C34 C35 C36 C37 C38 C39 C40 C41 
1 Haplothrips sp. ID53 1 0 0 1 0 0 1 0 1 0 0 2 2 1 1 1 2 3 0 0 0 
2 Holothrips oceanicus 1 0 0 1 0 0 0 0 1 0 0 0 2 0 1 1 2 3 0 0 0 
3 Acallurothrips sp. 0 0 0 1 1 0 0 0 2 1 0 0 1 0 0 1 1 3 0 0 1 
4 Actinothrips retanae 1 0 0 0 1 1 1 1 1 1 1 1 1 0 0 1 2 1 1 1 0 
5 Anactinothrips sp. ID17 1 0 1 2 0 1 1 1 1 0 1 0 1 0 1 1 2 3 1 0 0 
6 Aesthesiothrips jatrophae 1 0 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 3 1 0 0 
7 Allothrips stannardi 0 0 0 2 1 0 2 0 0 - - - 0 1 0 1 1 3 0 0 0 
8 Anaglyptothrips dugdalei 1 0 0 2 1 0 0 0 0 - - - 1 1 0 1 1 3 1 0 0 
9 Atractothrips bradleyi 0 0 0 0 1 1 1 ? 2 ? 0 ? 1 0 1 2 0 2 1 0 0 
10 Bacillothrips longiceps 1 0 0 0 0 0 1 1 2 ? ? ? 1 0 1 1 0 0 1 1 0 
11 Bactrothrips idolomorphus 1 0 0 0 0 1 1 1 1 0 0 0 1 0 1 0 2 0 1 1 0 
12 Bactrothrips kranzae 1 0 0 0 0 0 1 1 1 0 1 0 1 0 1 1 0 0 1 1 0 
13 Bactrothrips nativus 1 0 0 0 0 0 1 1 1 0 1 0 1 0 1 0 0 0 1 1 0 
14 Bolothrips bicolor 1 0 0 2 0 0 1 0 2 ? ? ? 1 1 0 1 1 3 0 0 0 
15 Campulothrips gracilis 1 0 0 2 0 1 0 0 1 0 1 1 1 0 0 1 0 3 1 1 0 
16 Carientothrips mjobergi 1 0 0 2 0 0 0 0 2 1 0 0 1 0 0 1 1 3 0 0 0 
17 Celidothrips lawrencei 1 0 0 1 0 0 1 0 2 0 1 0 1 1 0 1 0 3 1 1 0 
18 Cleistothrips idolothripoides 1 0 0 1 0 0 0 0 1 0 1 0 1 1 0 1 1 3 0 1 0 
19 Compsothrips albosignatus 0 0 0 1 1 0 0 1 0 - - - 0 0 ? ? 1 3 0 0 0 
20 Cryptothrips nigripes 1 0 0 2 1 0 0 0 1 0 1 0 1 1 0 1 0 3 0 0 0 
21 Dermothrips hawaiiensis 1 0 0 2 1 0 1 0 2 ? ? ? 0 1 1 1 1 3 1 0 0 
22 Diaphorothrips clavipes 1 0 0 1 0 0 1 0 1 1 1 ? 1 1 0 1 0 3 0 0 0 
23 Diceratothrips ?bicornis 1 0 1 1 0 0 0 0 1 0 1 0 1 1 0 1 2 3 1 0 0 
24 Dichaetothrips sp. 1 0 0 1 0 0 1 0 1 0 1 0 2 1 1 1 1 3 0 0 0 
25 Dinothrips sumatrensis 1 1 0 1 0 0 1 0 1 0 1 0 1 1 1 0 0 3 1 0 0 
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26 Ecacleistothrips glorious 1 0 0 1 0 0 0 0 2 0 1 0 2 0 0 1 2 3 0 1 0 
27 Elaphrothrips bakeri 1 1 0 2 0 0 1 0 1 0 1 0 1 0 1 0 2 3 1 0 0 
28 Emprosthiothrips brimblecombei 0 0 0 0 1 0 0 ? 0 - - - 0 1 ? ? ? 3 0 0 0 
29 Ethirothrips stenomelas 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 1 0 3 1 0 0 
30 Faureothrips reticulatus ? 0 0 ? ? 0 1 ? 0 - - - ? ? 0 1 1 3 0 0 0 
31 Gastrothrips acutulus 1 0 0 1 0 0 0 0 2 0 1 ? 1 1 0 1 0 3 0 0 0 
32 Hartwigia tumiceps 1 0 0 1 0 0 1 1 2 ? ? ? 1 0 1 1 1 3 0 0 0 
33 Heptathrips cumberi 0 0 0 1 1 0 2 0 2 0 1 0 1 1 0 1 0 3 0 0 0 
34 Herathrips nativus 1 0 0 1 1 0 1 0 1 0 1 0 1 1 0 1 0 3 1 0 0 
35 Holurothrips ornatus 1 0 0 0 0 0 1 1 1 1 0 0 1 0 2 2 0 2 2 1 0 
36 Hystricothrips phasgonura 1 0 0 0 1 1 1 1 2 1 1 1 1 0 1 2 0 2 1 1 1 
37 Idolothrips spectrum 1 0 0 0 0 1 1 1 1 0 0 0 1 0 1 1 2 1 1 1 0 
38 Lamillothrips typicus 1 0 0 1 0 0 1 0 1 0 1 0 1 1 1 0 2 3 1 0 0 
39 Loyolaia indica 1 0 0 1 1 0 0 0 2 ? ? ? 1 1 0 1 1 3 0 0 0 
40 Machatothrips ?biuncinnatus 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 1 0 3 1 0 0 
41 Macrothrips papuensis 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 1 0 3 0 0 0 
42 Malesiathrips australis 1 0 0 0 0 0 1 0 0 ? ? ? 0 0 1 2 1 2 1 0 0 
43 Mecynothrips acanthus 1 1 0 1 0 0 1 0 1 0 1 0 1 0 2 0 2 2 2 0 0 
44 Megalothrips spinosus 1 0 0 0 0 1 1 1 2 0 0 0 1 0 1 1 0 0 1 1 0 
45 Megathrips lativentris 1 0 0 0 0 0 1 1 2 ? ? ? 1 0 1 1 1 0 0 1 0 
46 Meiothrips annulipes 1 0 0 0 0 1 1 1 1 0 0 0 1 0 1 0 2 1 1 1 0 
47 Minaeithrips aliceae 0 0 0 0 1 0 2 0 0 - - - 1 1 0 1 1 3 0 0 0 
48 Neatractothrips macrurus 1 0 0 0 2 1 1 1 1 1 0 0 1 0 2 2 0 2 2 1 0 
49 Neosmerinthothrips collaris 1 0 0 2 0 0 0 0 1 0 1 0 1 1 0 1 0 3 0 0 0 
50 Nesidiothrips alius 1 0 0 1 1 0 ? 0 2 ? ? ? 1 1 0 1 0 3 0 0 0 
51 Nesothrips carveri 1 0 0 2 1 0 0 0 2 0 1 0 1 1 0 1 1 3 0 0 0 
52 Nesothrips badius 1 0 0 2 0 0 1 0 0 - - - 1 1 0 1 0 3 1 0 0 
53 Ophthalmothrips miscanthicola 1 1 0 1 0 0 1 0 2 ? ? ? 1 0 1 1 0 3 1 0 0 
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54 Ozothrips priscus 1 0 0 1 1 0 0 0 2 0 1 0 1 1 0 1 0 3 0 0 0 
55 Paractinothrips peratus 1 0 0 0 2 1 1 1 1 1 0 1 1 0 2 2 0 2 1 1 0 
56 Pelinothrips ornatus 1 0 0 2 1 0 0 0 0 - - - 0 0 0 1 1 3 1 0 0 
57 Peltariothrips sp. 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 1 2 3 0 0 0 
58 Phacothrips ocelloides 1 0 0 1 0 0 0 0 2 0 0 0 1 1 0 1 1 3 0 0 1 
59 Phaulothrips vuilleti 1 0 0 1 0 0 0 0 2 0 1 0 1 1 0 1 0 3 0 0 0 
60 Polytrichothrips geoffri 1 0 0 1 0 0 1 0 2 0 1 0 1 1 0 1 2 3 0 0 0 
61 Priesneriana kabandha 1 0 0 1 1 0 0 0 2 ? ? ? 1 1 0 1 1 3 0 0 0 
62 Priesneriana uptoni 1 0 0 0 1 0 0 0 2 ? ? ? 1 1 0 1 1 3 0 0 0 
63 Priesneriella citricauda 0 0 0 2 1 0 2 ? 0 - - - 3 0 0 1 1 3 0 0 0 
64 Pseudocryptothrips sp. 1 0 0 ? 1 0 0 0 2 ? ? ? 0 0 0 1 1 3 0 0 0 
65 Pseudoeurhynchothrips sp. 1 0 0 1 0 0 0 0 1 ? ? ? 1 1 0 1 0 3 0 0 0 
66 Pygothrips sp. 1 0 0 1 1 0 2 0 2 0 0 2 1 1 0 1 0 3 0 1 1 
67 Sporothrips amplus 1 0 1 1 0 0 0 0 2 0 1 0 1 1 0 1 0 3 1 0 0 
68 Tarassothrips akritus 1 0 0 1 0 0 1 0 1 0 1 0 1 0 0 1 2 3 0 0 0 
69 Tiarothrips subramanii 1 1 0 1 0 0 1 0 1 0 1 0 1 0 1 1 2 3 2 0 0 
70 Zactinothrips elegans 1 0 0 2 1 1 1 1 1 1 0 1 1 0 0 1 2 1 1 1 0 
71 Zeugmatothrips gracilis 1 0 0 0 1 1 1 1 2 1 0 1 1 0 0 1 0 3 1 1 0 
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Appendix G Maximum Parsimony Finalised PAUP Command 
[PAUP12.nex, 71 taxa, 41 characters, 1 uninformative, heuristic search nrep1000, 
maxtree 80000] 
begin paup; 
log file=hsearchlog.txt; 
set criterion=parsimony; 
set maxtrees=80000 increase=no; 
set root=outgroup; 
outgroup HaplothripsID53; 
hsearch addseq=rand nreps=1000; 
pscores /ci=yes ri=yes scorefile=ci_ri_scorefile.txt; 
savetrees file=PAUPAllMPTs.tre brlens=yes; 
contree all /strict=no majrule=yes le50=no treefile=50mj.tre; 
contree all /strict=yes treefile=strict.tre; 
 
end; 
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Appendix H Best Partitioning Scheme Suggested by Partition Finder 
Best partitioning scheme (PF#3) 
 
Scheme Name  : start_scheme 
Scheme lnL  : -36639.49053 
Scheme AIC  : 73754.98106 
Number of params : 238 
Number of sites  : 3184 
Number of subsets : 10 
 
Subset | Best Model | Subset Partitions | Subset Sites         
1      | TIM+I+G | COIpos1  | 1-671\3              
2      | K81uf+I+G | COIpos2  | 2-671\3              
3      | GTR+I+G | COIpos3  | 3-671\3              
4      | GTR+I+G | H3pos1  | 672-999\3            
5      | GTR+I+G | H3pos2  | 673-999\3            
6      | TVMef+I  | H3pos3  | 674-999\3            
7      | TrN  | Tubpos1   | 1000-1325\3          
8      | GTR+I+G | Tubpos2  | 1001-1325\3          
9      | SYM+I+G | Tubpos3  | 1002-1325\3          
10    | GTR+I+G | 18S     | 1326-3184            
 
 
RaxML-style partition definitions 
DNA, p1 = 1-671\3 
DNA, p2 = 2-671\3 
DNA, p3 = 3-671\3 
DNA, p4 = 672-999\3 
DNA, p5 = 673-999\3 
DNA, p6 = 674-999\3 
DNA, p7 = 1000-1325\3 
DNA, p8 = 1001-1325\3 
DNA, p9 = 1002-1325\3 
DNA, p10 = 1326-3184 
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Appendix I. Bayesian Inference Nexus Blocks 
[BI44 75x PF2_AIC_10x partitions] 
BEGIN mrbayes; 
 
 CHARSET COIpos1 = 1-671\3; 
 CHARSET COIpos2 = 2-671\3; 
 CHARSET COIpos3 = 3-671\3; 
 CHARSET H3pos1 = 672-999\3; 
 CHARSET H3pos2 = 673-999\3; 
 CHARSET H3pos3 = 674-999\3; 
 CHARSET Tubpos1 = 1000-1325\3; 
 CHARSET Tubpos2 = 1001-1325\3; 
 CHARSET Tubpos3 = 1002-1325\3; 
 CHARSET 18S = 1326-3184; 
 
 partition all = 10:COIpos1, COIpos2, COIpos3, H3pos1, H3pos2, H3pos3, Tubpos1, 
Tubpos2, Tubpos3, 18S; 
    set partition = all; 
  
    lset applyto=(1,2,3,4,5,8,9,10) nst=6 rates=invgamma; 
 lset applyto=(6) nst=6 rates=propinv; 
 lset applyto=(7) nst=6; 
 prset applyto=(all) ratepr=variable; 
    unlink shape=(all) pinvar=(all) statefreq=(all) revmat=(all); 
 mcmc ngen=38000000 printfreq=10000 samplefreq=1000 savebrlens=yes; 
 sump; 
 sumt; 
   
END; 
 
[BI COI 54x] 
BEGIN mrbayes; 
 
 CHARSET COIpos1 = 1-662\3; 
 CHARSET COIpos2 = 2-662\3; 
 CHARSET COIpos3 = 3-662\3; 
 partition all = 3:COIpos1, COIpos2, COIpos3; 
    set partition = all; 
  
    lset applyto=(1,2,3) nst=6 rates=invgamma; 
 prset applyto=(all) ratepr=variable; 
    unlink shape=(all) pinvar=(all) statefreq=(all) revmat=(all); 
 mcmc ngen=38000000 printfreq=10000 samplefreq=1000 savebrlens=yes; 
 sump; 
 sumt; 
   
END; 
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[BI H3 67x] 
BEGIN mrbayes; 
 
 CHARSET H3pos1 = 1-328\3; 
 CHARSET H3pos2 = 2-328\3; 
 CHARSET H3pos3 = 3-328\3; 
 
 partition all = 3:H3pos1, H3pos2, H3pos3; 
    set partition = all; 
  
    lset applyto=(1,2) nst=6 rates=invgamma; 
 lset applyto=(3) nst=6 rates=propinv; 
 prset applyto=(all) ratepr=variable; 
    unlink shape=(all) pinvar=(all) statefreq=(all) revmat=(all); 
 mcmc ngen=38000000 printfreq=10000 samplefreq=1000 savebrlens=yes; 
 sump; 
 sumt; 
   
END; 
 
 
[BI TubA 68x] 
BEGIN mrbayes; 
 
 CHARSET Tubpos1 = 1-326\3; 
 CHARSET Tubpos2 = 2-326\3; 
 CHARSET Tubpos3 = 3-326\3; 
 
 partition all = 3:Tubpos1, Tubpos2, Tubpos3; 
    set partition = all; 
  
 lset applyto=(1) nst=6; 
 lset applyto=(2,3) nst=6 rates=invgamma; 
 prset applyto=(all) ratepr=variable; 
    unlink shape=(all) pinvar=(all) statefreq=(all) revmat=(all); 
 mcmc ngen=38000000 printfreq=10000 samplefreq=1000 savebrlens=yes; 
 sump; 
 sumt; 
   
END; 
 
 
[BI 18S rRNA 68x] 
BEGIN mrbayes; 
 CHARSET  18S  =  1-1859; 
 partition 1 = 1:18S; 
 set partition = 1; 
    lset applyto=(1) nst=6 rates=invgamma; 
    prset ratepr=variable; 
 unlink shape=(all) pinvar=(all) statefreq=(all) revmat=(all); 
 mcmc ngen=38000000 printfreq=10000 samplefreq=1000 savebrlens=yes; 
 sump; 
 sumt; 
END; 
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Appendix J. Individual Gene Analyses: Bayesian Inference Topologies 
(1/4) BI 54 taxa, COI (662 bp) 3x partitions by codon.  
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(2/4) BI 67 taxa, H3 (328 bp) 3x partitions by codon. 
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(3/4) BI 68 taxa, TubA (326 bp) 3x partitions by codon. 
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(4/4) BI 68 taxa, 18S rRNA (1859 bp) 
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Appendix K. Individual Gene Analyses: Maximum Likelihood Topologies 
(1/4) ML 54 taxa, COI (662 bp) 3x partitions by codon. 
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(2/4) ML 67 taxa, H3 (328 bp) 3x partitions by codon. 
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(3/4) ML 68 taxa, TubA (326 bp) 3x partitions by codon. 
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(4/4) ML 68 taxa, 18S rRNA (1859 bp) 
 
 
 
